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FARADAY 


THE FUNDAMENTA. ‘“tPERTIES OF THE 
ELEMEN‘1S 


WE meet to-night to honor the memory 
of Michael Faraday. It is fitting that we 
should come to this historic place; for here 
were his home and his laboratory, and in 
this room he lectured. Science is one of 
the great influences promoting the solidar- 
ity of mankind; it is world-embracing, and 
recognizes no bounds of nationality. Fara- 
day’s work especially was a message to the 
whole world, and has grown into a priceless 
heritage for all humanity. Therefore, 
from time to time the generous guardians 
of this famous lectureship have ealled 
chemists and physicists from many lands 
to honor his unique genius. England, Ger- 
many, France, Italy, Russia have all sent 
eminent representatives; and now from 
across the sea there comes a pilgrim who 
is proud indeed to bring the homage of the 
new world to this shrine of cherished mem- 
ories. The many ties which bind together 
our two nations add especial pleasure to 
the fulfilment of the trust. 

The mystery that enshrouds the ultimate 
nature of the physical universe has always 
stimulated the curiosity of thinking man. 
Of old, philosophers sought to solve the 
ecosmie problem by abstract reasoning, but 
to-day we agree that the only hope of pene- 
trating into the closely guarded secret lies 
in the precise estimation of that which is 
tangible and visible. Knowledge of the 


1 Delivered before the fellows of the Chemical 
Society in the theater of the Royal Institution, on 
Wednesday, June 14, 1911. Printed in the Journal 
of the Chemical Society, Vol. 99, p. 1201, 1911. 
See also Proceedings of the Chem. Soe. Vol. 27, 
p. 177, 1911. 
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actual behavior of material and of energy 
provides the only safe basis for logical in- 
ference as to the real essence of things. 
Faraday was deeply imbued with this con- 
viction ; and it is widely recognized as the 
basis of all modern experimental science. 
The subject of my lecture to-night concerns 
the methods and general results of several 
extended series of investigations, planned 
with the hope of adding a little to the 
foundations of human knowledge by means 
of careful experiment. 

At the outset let me remind you of an 
old saying of Plato’s, for it sounds the key- 
note of the lecture: ‘‘If arithmetic, men- 
suration and weighing be taken away from 
any art, that which remains will not be 
much.’ In other words, the soundness of 
all important conclusions of mankind de- 
pends on the definiteness of the data on 
which they are based. 

Lord Kelvin said: ‘‘ Accurate and minute 
measurement seems to the non-scientific 
imagination a less lofty and dignified work 
than looking for something new. But 
nearly all the grandest discoveries of sci- 
ence have been the rewards of accurate 
measurement and patient, long-continued 
labor in the minute sifting of numerical 
results.’"* The more subtle and compli- 
cated the conclusions to be drawn, the more 
exactly quantitative must be the knowledge 
of the facts. 

Measurement is a means, not an end. 
Through measurement we obtain data full 
of precise significance, about which to rea- 
son; but indiscriminate measurement will 
lead nowhere. We must choose wisely the 
quantities to be measured, or else our time 
may be wasted. 

Among all quantities worthy of exact 


* Plato, ‘‘ Philebus’’ (trans. Jowett), 1875, Vol. 
IV., p. 104. 
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measurement, the properties of the chem- 
ical elements are surely some of the most 
fundamental, because the elements are the 
vehicles of all the manifold phenomena 
within the range of our perception. 

Weight is clearly one of the most sig- 
nificant of these properties. The eighty 
or more individual numbers which we call 
the atomic weights are perhaps the most 
striking of the physical records nature has 
given us concerning the earliest stages of 
the evolution of the universe. They are 
mute witnesses of the first beginnings of 
the cosmos out of the chaos, and their sig- 
nificance is one of the first concerns of the 
chemical philosopher. 

Mankind is not yet in a position to pre- 
dict any single atomic weight with exact- 
ness. Therefore the exact determination 
of atomic weights rests upon precise labo- 
ratory work; and in order to arrive at the 
real values of these fundamental constants, 
chemical methods must be improved and 
revised so as to free them from systematic 
or accidental errors. 

What, now, are the most important pre- 
cautions to be taken in such work? These 
are worthy of brief notice, because the 
value of the results inevitably depends 
upon them. Obvious although they may 
be, they are often disregarded. 

j. In the first place, each portion of sub- 
stance to be weighed must be free from the 
suspicion of containing unheeded impuri- 
ties; otherwise its weight will mean little. 
This is an end not easily attained, for 
liquids often attack their containing vessels 
and absorb gases, crystals include and oc- 
clude solvents, precipitates carry down pol- 
luting impurities, dried substances cling to 
water, and solids, even at high tempera- 
tures, often fail to discharge their impris- 
oned contaminations. 


*Sir W. Thomson (Lord Kelvin), ‘‘Address to 2, Im the next place, after an analysis has 


British Association,’’ August, 1871, Life, II., 600. 


once begun, every trace of each substance 
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to be weighed must be collected and find its 
way in due course to the scale-pan. The 
trouble here lies in the difficulty in esti- 
mating, or even detecting, minute traces of 
substances remaining in solution, or minute 
losses by vaporization at high temperatures. 

In brief, ‘‘the whole truth and nothing 
but the truth’’ is the aim. The chemical 
side of the question is far more intricate 
and uncertain than the physical operation 
of weighing. For this reason it is neither 
necessary nor advisable to use extraordi- 
narily large amounts of material ; from five 
to twenty grams in each experiment is usu- 
ally enough. The exclamation, ‘‘ What 
wonderfully fine scales you must, have to 
weigh atoms,’’ indicates lack of knowledge ; 
the real difficulties precede the introduction 
of the substance into the balance case.* 
Every substance must be assumed to be 
impure, every reaction must be assumed to 
be incomplete, every measurement must be 
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Among all the possibilities of error, the 
unsuspected presence of water is perhaps 
the most frequent and most insidious. 
Hence I shall show you a device for over- 
coming this potent source of confusion, a 
device which has played a great role in 
the recent researches concerning atomic 
weights at Harvard, and is in large meas- 
ure responsible for such value as the re- 
sults may possess. The instrument® en- 
ables one to dry, enclose and weigh an 
anhydrous substance in such a manner as 


to preclude the admission of a trace of 


water from the atmosphere; it might well 
find applications in every quantitative 
laboratory. The simple device consists of 
a quartz ignition tube fitted to a soft-glass 
tube which has a projection or pocket in 
one side (Fig. 1). A weighing-bottle is 
placed at the end of the latter tube, and its 
stopper in the pocket. The boat contain- 
ing the substance to be dried is heated in 


=< 


Quartz 


Fig. 1. 


assumed to contain error, until proof to the 
contrary can be obtained. Only by means 
of the utmost care, applied with ever- 
watchful judgment, may the unexpected 
snares which always lurk in complicated 
processes be detected and rendered power- 
less for evil. 

‘Richards, ‘‘Methods Used in Precise Chemical 


Investigation,’’ published by the Carnegie Institu- 
tion of Washington, 1910, No. 125, p. 97. 


the quartz tube, surrounded by an atmos- 
phere consisting of any desired mixture of 


5 Richards, Zeitsch. anorg. Chem., 1895, 8, p. 
267; also Richards and Parker, ibid., 1897, 13, p. 
86. One form of apparatus shown in this diagram 
is slightly different from the original arrangement, 
although the main idea is the same. The flat 
ground joint between quartz and glass allows for 
their different coefficients of expansion, and makes 
a quartz tube interchangeable with any other, in 
ease of breakage. 


| BOTTLE] = 
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gases. These gases are displaced, after 
partial cooling, first by nitrogen, and then 
by pure dry air, and the boat is pushed 
past the stopper into the weighing-bottle, 
the stopper being then forced into place, 
and the substance thus shut up in an en- 
tirely dry atmosphere. The weighing-bot- 
tle may now be removed, placed in an ordi- 
nary desiccator and weighed at leisure. 
The substance is really dry, and its weight 
has definite significance. 

Mention may be made also of another 
instrument, which likewise has greatly 
facilitated the recent work at Harvard, 
namely, the ‘‘nephelometer.’’® With the 
nephelometer, minute traces of suspended 
precipitate may be approximately deter- 
mined from the brightness of the light they 
reflect. The construction is very simple. 
Two test-tubes, near together and slightly 
inclined toward one another, are arranged 
so as to be partly shielded from a bright 
source of light by sliding screens. The 
tubes are observed from above through two 
thin prisms, which bring their images to- 
gether and produce an appearance resem- 
bling that in the familiar half-shadow 
polarimeter. The unknown quantity of 
dissolved substance is precipitated as a 
faint opalescence in one tube by means of 
suitable reagents; and a known amount, 
treated in exactly the same way, is pre- 
pared in the other. Each precipitate re- 
fleets the light; the tubes appear faintly 
luminous. If the tubes show like tints to 
the eye when the screens are similarly 
placed, the precipitates may be presumed 
to be equal in amount. In ease of inequal- 
ity of appearance, the changed positions of 
the screens necessary to produce equality of 
tint give a fairly accurate guide as to the 
relative quantities of precipitate in the two 

* Richards, Zeitsch. anorg. Chem., 1895, 8, p- 


269; Richards and Wells, Amer. Chem. J., 1904, 
31, p. 235; Richards, ibid., 1906, 35, p. 510. 
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tubes. Traces of substance, which are too 
attenuated to be caught on any ordinary 
filter, may thus be estimated. 

The two errors obviated by these simple 
devices—namely, the presence of residual 
water and the loss of traces of precipitate, 
respectively—have perhaps ruined more 
previous investigations than any other two 
causes, unless the inclusion of foreign sub- 
stances by precipitates may be ranked as 
an equal vitiating effect. But these are 
merely details; the scope and method of the 
recent work on this subject at Harvard (in 
the course of which thirty atomic weights 
have been redetermined) may be seen in 
their full bearing only in the original 
papers.” 

That the atomic weights may be con- 
nected by precise mathematical equations 
seems highly probable; but although many 
interesting attempts have been made to 
solve the problem,’ the exact nature of such 
relationships has not yet been discovered. 
No attempt which takes liberties with the 
more certain of the observed values is 
worthy of much respect. It seems to me 
that the discovery of the ultimate general- 
ization is not likely to occur until many 
atomic weights have been determined with 
the greatest accuracy. No trouble being 
too great to attain this end, the Harvard 
work will be continued indefinitely, and 
attempts will be made to improve its 
quality, for the discovery of an exact 


* An important part in these researches has been 
taken by G. P. Baxter, and many able studerts 
also have assisted the author in the work. A com- 
plete bibliography is given in Publ. Carnegie Inst. 
of Washington, 1910, No. 125, p. 91. Most of 
the papers are reprinted in full in a volume en- 
titled, ‘‘Experimentelle Untersuchungen  iiber 
Atomgewichte,’’ by the author and his collabora- 
tors (Hamburg, 1909). The Carnegie Institution 
of Washington has generously subsidized the work 
in recent years. 

*See especially Rydberg, Zeitsch. anorg. Chem., 
1897, 14, p. 66. 
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mathematical relationship between atomic 
weights would afford us an immeasurably 
precious insight into the ultimate nature 
of things. 

But weight is only one of the funda- 
mental properties of an element. Volume 
is almost, if not quite, as important in its 
own way, although far more variable and 
confusing. All gases, indeed, approach 
closely to a simple relationship of volumes, 
defined by the law of Gay Lussae and the 
rule of Avogadro, and well known to you 
all. In the liquid and solid state, however, 
great irregularities are manifest, and very 
little system as regards volume is generally 
recognized. 

About twelve years ago, the study of 
such small irregularities as exist among 
gases led me to the suspicion of a possible 
cause for the greater irregularities in 
liquids and solids. On applying van der 
Waals’s well-known equation to several 
gases, in some tentative and unpublished 
computations, it seemed clear that the 
quantity b is not really a constant quan- 
tity, but is subject to change under the 
influence of both pressure and temperature. 
This conclusion has also been reached inde- 
pendently by van der Waals himself.’ 
But if the quantity b (supposed to be de- 
pendent upon the space actually occupied 
by the molecules) is changeable, are not the 
molecules themselves compressible ?'* 

The next step in the train of thought is 
perhaps equally obvious. If changes in 

*Richards, ‘‘The Significance of Changing 
Atomie Volume,’’ Proc. Amer. Acad., 1901, 37, 
p. 1; 1902, 37, p. 300; 1902, 38, p. 293; 1904, 39, 
p- 581; Zettsch. physikal. Chem., 1902, 40, pp. 169, 
597; 1903, 42, p. 129; 1904, 49, p. 15. 

* Van der Waals, Zeitsch. physikal. Chem., 1903, 
28, p. 257. His earlier publication on this topic 
(Proc, R. Akad. Wetensch. Amsterdam, 1898, 29, 
p. 138) was unknown to me at that time. See also 
Lewis, Proc. Amer. Acad., 1899, 35, p. 21. 

“Van der Waals speaks cautiously, but with 


Some conviction, as to the probable compressibility 
of the molecules on p. 283 of the paper cited above. 
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the bulk of molecules are to be inferred 
even from gases, may not the expansion 
and contraction of solids and liquids afford 
a much better clue to the relative expansion 
and contraction of these molecules? 

Most physical chemists refer all changes 
in volume to changes in the extent of the 
empty space between the molecules. But 
are there, after all, any such empty spaces 
in solids and liquids? Solids do not behave 
as if the atoms were far apart within them; 
porosity is often conspicuous by its absence. 
Take, for instance, the case of glass; the 
careful experiments of Landolt on the con- 
servation of weight’? show that glass is 
highly impermeable to oxygen, nitrogen 
and water for long periods. Such porosity 
as occurs in rigid, compact solids usually 
permits the passage only of substances 
which enter into the chemical structure of 
the solids themselves. Thus, nitrogen can 
not free itself from imprisonment within 
hot cupric oxide, although oxygen can es- 
cape ;}* again, water can not evaporate into 
even the driest of atmospheres from acci- 
dental incarceration in erystals lacking 
water of erystallization.’* Palladium, on 
occluding hydrogen, is obliged to expand 
its bulk in order to make room for even this 
small addition to its substance. The be- 
havior of platinum, nickel and iron is prob- 
ably analogous, although less marked.’® 
Fused quartz, impermeable when cold, al- 
lows of the passage of helium and hydrogen 
at high temperatures;'® but most other 
gases seem to be refused admission, and 


2H. Landolt, ‘‘ Ueber die Erhaltung der Masse 
bei chem. Umwandlungen,’’ Abhandlung der 
kénigl. preuss. Akad. der Wissenschaften, 1910. 

%8 Richards, Zeitsch. anorg. Chem., 1892, 1, p. 
196; Proc. Amer, Acad., 1893, 28, p. 200. 

% Baker and Adlam, J. Chem. Soc. Trans., 1911, 


99, p. 507. 
% Richards and Behr, Publ. Carnegie Inst., 1906, 


No. 61. 
6 Jacquerod and Perrot, Compt. rend., 1907, 144, 


p. 135. 
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very many solid substances appear to act 
as effective barriers to the passage of even 
hydrogen and helium, especially when cold. 
In these cases, as in so many others, the so- 
called ‘‘sphere of influence’’ of the atom is 
the actual boundary by which we know the 
atom and measure its behavior.*7 Why not 
eall this the actual bulk of the atom? 

From another point of view, the ordi- 
nary conception of a solid has always 
seemed to me little short of an absurdity. 
A gas may very properly be imagined with 
moving particles far apart, but what could 
give the rigidity of steel to such an un- 
stable structure? The most reasonable 
conclusion, from all the evidence taken to- 
gether, seems to be that the interstices be- 
tween atoms in solids and liquids must 
usually be small even in proportion to the 
size of the atoms themselves, if, indeed, 
there are any interstices at all. 

Very direct and convincing evidence of 
another sort is at hand. The idea that 
atoms may be compressible receives striking 
confirmation from a recent interesting in- 
vestigation of Griineisen’* concerning the 
small effect of low temperatures on the 
compressibility of metals. The average 
compressibility of aluminium, iron, copper, 
silver and platinum falls off only seven per 
cent. between the temperature of the room 
and that of liquid air. Extrapolation of 
the curves indicates that at the absolute 
zero very little further diminution should 

* Since these ideas were first advanced, Barlow 
and Pope have brought forward much interesting 
evidence concerning the significance of the volumes 
of solids and liquids, which supports the idea that 
the atoms are closely in contact with one another 
(Trans., 1906, 89, p. 1675; 1907, 91, p. 1150; 1908, 
93, p. 1528; 1910, 97, p. 2308). 

“E. Griineisen, Ann, Physik, 1910 (IV.), 33, 
p. 1239. The relative values for the compressibili- 
ties recorded in this investigation are doubtless 
trustworthy, although the absolute magnitudes are 


somewhat uncertain because they depend on the 
rather inadequate theory of elasticity. 
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occur. As far as we can guess, therefore, 
the hard metals are almost as compressible 
at the absolute zero as at room tempera- 
tures. But at the absolute zero all heat- 
vibration is supposed to stop; hence this 
remaining compressibility must needs be 
ascribed to the atoms themselves. 

If the atoms are compressible, all mathe- 
matical reasoning which assumes them to 
be incompressible rests upon a false basis. 
The kinetic theory of gases remains un- 
molested by these considerations, except as 
they indicate the changeability of b in the 
equation of van der Waals, but the new 
views affect seriously the application of this 
equation to solids and liquids. 

Let us proceed to trace a few of the out- 
comes of our hypothesis. If atoms may 
really be packed closely together, the vol- 
umes of solids and liquids should afford 
valuable knowledge concerning the relative 
spaces occupied by the atoms themselves 
under varying conditions. The densities 
of solids and liquids then assume a signifi- 
cance far more interesting to the chemical 
philosopher than before, because they have 
a more definite connection with the funda- 
mental nature of things. 

An apparent objection at once suggests 
itself; if the particles in condensed ma- 
terial are really touching one another, how 
ean we account for heat within the ma- 
terial? Would such closely packed atoms 
be able to vibrate? 

The theory of compressible atoms sup- 
plies as one of its own corollaries the imme- 
diate answer to this question. If atoms are 
compressible throughout their whole sub- 
stance, they may contract and expand, or 
vibrate within themselves, even when their 
surfaces are prevented from moving by be- 
ing closely packed together. It is thus 
possible to conceive of a vibrational effect, 
even in contiguous atoms, provided we can 
conceive of these atoms as being elastic 


OcToBER 27, 1911] 


throughout all their substance. Agitation 
sufficient to produce even the Brownian 
movement might easily exist in such a 
system. 

Clearly there is nothing impossible or 
obviously contradictory to experimental 
knowledge in the notion that atoms are 
compressible ; indeed, the old idea of small, 
hard particles far apart is really more arbi- 
trary and hypothetical than the new con- 
ception. The obvious simplicity of the 
latter is rather in its favor than otherwise, 
as in Dalton’s atomic theory. In general, 
the more simply an hypothesis interprets 
the phenomena of nature, the more useful 
the hypothesis is likely to be, provided, of 
course, that the interpretation is adequate. 
The modern philosophy of pragmatism is a 


COMPARISON of HEATS OF FORMATION of CHLORIDES 
and CONTRACTION ON COMBINATION 


200 HEAT OF FORMATION 


Fig. 2. 


good guide in such matters; a theory not 
obviously illogical should be judged by its 
usefulness. Let us then test the new hy- 
pothesis by applying it to other aspects of 
physical chemistry. 

If pressure produces a change in the 
sizes of the atoms and molecules themselves, 
may not the actual volumes of liquids and 
solids be used as a guide to the unknown 
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internal pressures within them? Cannot 


we thus discover whether or not chemical — 


affinity exerts pressure in its action? To 
follow this clue, the simplest possible case 
was chosen at first, namely, the comparison 
of the contractions taking place on com- 
bining several elements in succession with a 
single very compressible one. The changes 
of volume occurring during the formation 
of oxides were first computed; later, chlo- 
rides and bromides were studied. Accord- 
ing to the theory of compressible atoms, we 
should expect to find greater contraction in 
eases of greater affinity. The diagram 
(Fig. 2), which depicts typical data con- 
cerning certain nearly related chlorides, 
strongly supports this inference.’® One of 
these lines shows the total change of volume 
which occurs when a gram-molecule of 
chlorine combines with the equivalent 
weight of metal; the other gives the heat 
evolved during combination. The lines 
show distinct parallelism; that is to say, 
reactions evolving much heat manifest 
great contraction. In eases of this kind 
the heat of reaction is usually not very 
different from the change of free-energy, 


. therefore we may infer that greater affinity 


is associated with greater contraction; and 
it is but a small leap in the dark to guess 
that the change of volume is caused by the 
pressure of affinity. Since chemical attrac- 
tion holds two elements firmly together, 
why should it not exert pressure? And if 
it exerts pressure, why should not the vol- 
ume of the system be diminished by this 
pressure ? 

This interpretation is not wholly new. 
Faraday’s great teacher, Davy,”° pointed 
out for the first time a similar fact ; namely, 


” Richards, Proc. Amer. Acad., 1902, 37, p. 399; 
also especially J. Amer. Chem. Soc., 1909, 31, p. 


188. 
*” Humphry Davy, ‘‘Collected Works,’’ 1840, 


5, p. 133 (foot-note). 
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that the contraction which takes place on 
forming the oxide of potassium is greater 
than the contraction which takes place on 
forming several other oxides, and he as- 
eribed this effect to the well-known differ- 
ences of affinity in these cases ; but he did not 
carry the idea further. Long afterwards, 
Mueller-Erzbach,?2 Hagemann*® 
and Traube** independently and appar- 
ently without knowledge of each other’s 
work, called attention to other cases of sim- 
ilar relationships. 

All of these researches have produced so 
little effect on the literature of the sub- 
ject®® that they were entirely overlooked 
during the earlier part of the present in- 
vestigation. The oversight mattered little, 
however, because the whole subject needed 
a fresh attack. Essential factors in the 
situation had not been noticed by any of 
these earlier investigators. Affinities, in- 
deed, had been considered, but the nature 
of the substances on which the affinities act 
had been overlooked. Evidently the 
change of volume in any case must depend 
not only on the intensity of the pressure 
exerted by the affinity, but also, among 
other things, on the compressibility of the 
substances concerned. The greater the 
compressibility, the greater should be the 
change of volume caused by a given pres- 
sure of affinity. Before any definite con- 
clusion can be drawn, the differences in 
compressibility must be taken into account. 

These thoughts led to the measuring of 
the compressibilities of a large number of 


*'V. Braun, see Johnson, J. Chem. Soc. Trans., 
1877, 31, p. 252. 

* Mueller-Erzbach, Ber., 1881, 14, pp. 217, 2043. 

“Hagemann (private publication, Friedlinder, 
Berlin, 1900). 

*Traube, ‘‘Ueber den Raum der Atome,’’ 
Ahrens’s Sammlung der chem. und chem.-techn. 
Vortrage, IV., p. 256. 

*See, for example, Ostwald’s Grundriss der 
allgemeinen Chemie, 1899, p. 185. 
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elements and simple compounds. The pre- 
viously employed methods for solids and 
liquids being unsatisfactory, a new and 
highly satisfactory method was devised for 
the work done at Harvard. Pure mercury 
is compressed in a suitable tube, measuring 
both pressure and change of volume, and 
then most of the mercury is displaced by 
the substance to be studied, again noting 
the relationship of pressure to volume. 
The difference between the compressibility 
of mercury and that of the substance is 
then easily calculated. Obviously, in such 
a method as this, the compressibility of the 
apparatus itself is eliminated. The rela- 
tion of volume to pressure is easily deter- 
mined by causing the mercury meniscus to 
make electrical contact with a very fine 
platinum point in a tube of narrow diam- 
eter, adding weighed globules of mercury, 
and noting the corresponding pressures.”® 
Time forbids the description of the details 
of the procedure. 

The compressibilities of thirty-five ele- 
ments and many simple compounds were 
studied by this method with sufficient care 
to leave no doubt as to their relative values. 
It became at once manifest that the forma- 
tion of a compound of a compressible ele- 
ment was attended with greater decrease of 
volume than the formation of a similar 
compound of a less compressible element, 
other things being equal.** This is just 
what the theory leads us to expect, and is a 
fact inexplicable by any other hypothesis 
as yet known to me. 

Another essential aspect of the theory of 
compressible atoms is that which concerns 


* Richards, in collaboration with Stull, Bonnet, 
Brink, Mathews, Jones, Speyers, Publ. Carnegie 
Inst. of Washington, Nos. 7 and 76; J. Amer. 
Chem. Soc., 1904, 26, p. 399; 1909, 31, p. 154; 
Zeitsch. physikal. Chem., 1904, 49, p. 1; 1907, 61, 

4 * Richards, Proc. Amer. Acad., 1904, 39, p. 581. 
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eohesion.2® If the pressure of chemical 
affinity causes atomic compression, may not 
the pressure of cohesive affinity also have 
the same effect? Traube suggested this 
possibility, but looked at the whole question 
from a different point of view.*® The affin- 
ity which prevents solids and liquids from 
vaporizing is generally admitted to produce 
great internal pressure; must it not tend to 
compress the molecules into smaller space? 
Molecules with high cohesive affinity (those 
of substances hard to volatilize) should be 
much compressed and possess small volume, 
whereas molecules with a slight cohesive 
affinity should be more bulky. Moreover, 
those molecules already much compressed 
by their own self-affinity would naturally 
be but little affected by additional pressure. 
Thus, as regards two substances otherwise 
similar, the less volatile one would be less 
compressible, denser and possess greater 
surface tension.*° These outcomes of the 
theory agree with the facts in eighty per 
cent. of the cases thus far studied; for ex- 
ample, o-xylene is denser, less volatile, 
less compressible and possesses a greater 
surface tension than either m-xylene or 
p-xylene.**. Differences of structure and 

* Thid. 

*See especially Traube, Ann. Physik., 1897, 
(III.), 61, p. 383; 1901, (IV.), 5, p. 548; 1902, 8, 
p. 267; 1907, 22, p. 519; Zeitsch. physikal. Chem., 
1910, 68, p. 289; also Walden, Zeitsch. physikal. 
Chem., 1909, 66, p. 385. Their interpretation de- 
pends largely on the application of van der 
Waals’s equation and the complicating assumption 
of a co-volume; however, Walden’s very recent 
paper presents a number of interesting and impor- 
tant relations concerning internal pressure, which 
seem to demand the assumption of atomic com- 
pressibility for their explanation. 

* Richards and Mathews, Zeitsch. physikal. 
Chem., 1908, 61, p. 449. 

" With the help of C. L. Speyers I have deter- 
mined these constants with great care. The sub- 


stances were unusually pure, the p-xylene freezing 
at 13.2°. The details will be published as soon as 
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differences of chemical nature sometimes 
conceal these relations; the parallelism ap- 
pears most strikingly among isomeric com- 
pounds. In brief, the bulk of evidence 
strongly indicates that cohesiveness as well 
as chemical affinity exerts pressure in its 
action, and hence that each plays a part in 
determining the volumes occupied by mole- 
cules. 

Thus the computation of the space occu- 
pied by either a solid or a liquid becomes a 
very complex matter. Not only must the 
various chemical affinities at work be taken 
into account, but also the cohesive attrac- 
tion of both factors and products, and the 
compressibilities over a very wide range of 
all the substances concerned. Discoverable ~ 
parallelism in volume changes is to be ex- 
pected only when one alone of these forces 
is the chief variable. 

The exact mathematical working out of 
the consequences is very far in the distance, 
if, indeed, it can ever be attained. This 
fact does not, however, militate in the 
least against the plausibility of the idea. 
Although mankind has not yet been able to 
devise a method of mathematical analysis 
which will solve at one stroke the gravita- 
tional relations of three bodies, nature is 
not on that account prevented from causing 
three or more bodies to act on one another 
with the force of gravity, or astronomers 
from calculating as nearly as may be the 
consequences by a process of approxima- 
tion. 

Carried through to its logical conclusion, 
the idea that atoms are compressible gives 
one quite a new conception of the molecular 


possible. The results are recorded in the follow- 
ing table: 
Surface Compres- 
Boiling Density, Tension sibility 
Point 209/42 mg./mm.;20° 10° at 20° 
o-Xylene . 144.0° 0.8811 3.09 60.0 
m-Xylene . 139.0 0.8658 2.96 63.5 
p-Xylene . 136.2 0.8611 2.92 66.2 
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mechanies of the universe. The influence 
of atomic compressibilities may be per- 
ceived everywhere, and in most cases each 
fact seems to fit easily and without con- 
straint into its place in the hypothesis. 
Even apparent exceptions, such as the ab- 
normal bulk of ice, may be ascribed in a 
reasonable fashion to superposed effects. 
A detailed discussion of many applications 
of the theory is impossible here, but a few 
may be suggested, in order to make clearer 
its possibilities. 

The satisfying of each valence of an 
atom would cause a depression on the 
atomic surface, owing to the pressure ex- 
erted by the affinity in that spot. The 
stronger the affinity, the greater should be 
this distortion. Evidently this conception 
gives a new picture of the asymmetric car- 
bon atom, which, combined with four other 
different atoms, would have upon its sur- 
face depressions of four unequal magni- 
tudes, and be twisted into an unsymmet- 
rical tetrahedron. The combining atoms 
would be held on the faces of the tetra- 
hedron thus formed, instead of impossibly 
perching upon the several peaks. Accord- 
ing to this hypothesis, the carbon atom 
need not be imagined as a tetrahedron in 
the first place; it would assume the tetra- 
hedral shape when combined with the other 
four atoms. One can easily imagine that 
the development of each new valence would 
change the affinities previously exercised, 
somewhat as a second depression in the side 
of a rubber ball will modify a forcibly 
caused dimple in some other part. Thus a 
part of the effect which each new atom has 
on the affinities of the other atoms already 
present may be explained. 

Many other physico-chemical phenomena 
assume a new aspect when viewed from the 
standpoint of this idea. New notions of 
the mechanism of the critical phenomena, 
surface tension, ductility, malleability, ten- 
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acity and coefficient of expansion are 
gained. The peculiar relations of material 
and light, such as magnetic rotation, fluo- 
rescence, partial absorption, and so forth, 
may be referred to the modified vibrations 
of distorted atoms. The deviations from 
the exact fulfilment of many older general- 
izations concerning volume (such as the 
equation of van der Waals already cited, 
the comparative volumes of aqueous solu- 
tions, especially of electrolytically disso- 
ciated substances,*? and the variations in 
the erystal forms of isomorphous sub- 
stances) are seen to be a foregone conclu- 
sion. Moreover, the theory, although not 
necessarily dependent on the modern belief 
that atoms are built up of numbers of much 
smaller corpuscles, is consistent with that 
belief, for would not such an entity be 
compressible ? 

The more closely the actual data are 
studied, the more plausible the hypothesis 
of compressible atoms appears. Ten years’ 
experience with its interpretations leads me 
to feel that the idea is highly suggestive 
and helpful in stimulating new search after 
truth and in correlating and codifying di- 
verse facts. By such fruit are hypotheses 
justified. 

The relation between heat of reaction 
and change of volume stimulates interest 
in chemical thermodynamics and curiosity 
as to the mechanism of the output of en- 
ergy during chemical change. A search 
for accurate data wherewith to reason 
about this question soon revealed the un- 
certain nature of many of the figures. 
Here, in the domain of thermochemistry, 
as in those of atomic weights and compres- 
sibilities, new methods were needed in 
order to attain precise results. Accord- 


®2 Baxter has very recently discussed this matter 
from the point of view of the theory of compres- 
sible atoms (J. Amer. Chem. Soc., 1911, 33, p. 
922). 
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ingly, a device was adopted which at one 
stroke annihilates the pernicious ‘‘cooling 
eorrection’’—the worst foe to accuracy— 
by merely causing the temperature of the 
jacket around the calorimeter to change in 
temperature at the same rate as the calor- 
imeter itself. There are several ways in 
which this may be accomplished; among 
these ways the following was chosen as the 
best method for a chemical laboratory. 
The calorimeter, enclosed in a slightly 
larger water-tight vessel, with tubes above 
—a kind of submarine—is immersed under 
the surface of dilute crude alkali in a pail. 
Thermometers inside and out enable one to 
adjust the temperatures at the same point. 
The reaction is then started in the calorim- 
eter, and at the same moment and at a 
corresponding rate acid is dropped into the 
dilute alkali in the pail, so that the two 
temperatures inside and out keep pace with 
one another. Thus there is no loss of heat 
from the inside vessel; the thermochemical 
reaction is strictly adiabatic. This method 
has already been used at Harvard with 
very encouraging outcome in determining 
a wide variety of thermochemical data, 
heats of combustion of hydrocarbons, of 
solutions of metals in acids and of neutral- 
ization, specific heats of solutions, and also 
of the elements at very low temperatures, 
and finally latent heats of evaporation.** 
It has proved itself especially valuable in 
the study of slow reactions, where the cool- 
ing correction may become a large portion 
of the total result. The effort is being 
made to apply to this experimentation con- 
cerning chemical energetics the same de- 
gree of care which has recently been at- 


* Richards, in collaboration with Henderson, 
Forbes, Frevert, Mathews, Rowe, Jesse, Burgess 
and Jackson, Proc. Amer. Acad., 1905, 41, p. 3; 
1907, 42, p. 573; 1908, 43, p. 475; 1911, 46, p. 
363; J. Amer. Chem. Soc., 1909, 31, p. 1275; 1910, 
32, pp. 268, 432, 1176; Zeitsch. physikal. Chem., 
1905, 52, p. 551; 1907, 59, p. 531; 1909, 70, p. 414. 
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tempted in the revision of the atomic 
weights, and although on account of the 
greater complexity of the problem the per- 
centage accuracy thus far reached has not 
equalled that in the case of atomic weights, 
one can not help thinking that the propor- 
tional gain over previous investigations is 
perhaps as great in this case as in the other. 

In thermochemical reasoning particu- 
larly, accurate data possess a significance 
wholly denied to cruder results. The rela- 
tions between the heat of formation of 
organic substances, if determined accu- 
rately enough, may be hoped to throw light 
on organic structure and the nature of 
valence. Approximate values are of no use 
at all for such a purpose. Enough has 
been done already to suggest relations of a 
highly interesting sort between heats of 
combustion, heats of evaporation, compres- 
sibility and many other properties; and to 
add support to the theory of compressible 
atoms.** Moreover, taken in connection 
with more precise knowledge of the free 
energy of chemical changes, the new results 
will permit the evaluation of bound energy, 
and give results which may decide whether 
or not bound energy is really a simple 
function of change of heat capacity, as has 
been more than once intimated.** There is 
time now only to suggest possibilities, each 
of which would take hours to elucidate. 

How can we collate all the varying prop- 
erties so as to show their many-sided rela- 
tionships? How can we piece together the 
scattered evidence so as to synthesize an 
adequate conception of the ultimate nature 

* Richards, Proc, Amer. Acad., 1908, 39, p. 581; 
also Zeitsch. physikal. Chem., 1904, 49, p. 15. 

% Helmholtz, Lewis, van’t Hoff, Nernst and 
Haber, as well as the author and many others, 
have contributed to this discussion. An interest- 
ing résumé, with references to many of the original 
papers, will be found in Haber’s ‘‘Thermody- 


namics of Technical Gas Reactions’’ (translated 
by Lamb), London and New York, 1998. 
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of things? These questions may never be 
adequately answered, but science must 
ceaselessly endeavor to solve the problem 
which they present. 

A first step is clearly to find the way in 
which each property varies in relation to 
every other. With this in mind, let us 
appeal to the irregular system of the peri- 
odie classification, which formed the sub- 
ject of the Faraday lecture by Mendeléeff 
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The device is not new. Carnelley compared 
Lothar Meyer’s atomic volume curve with 
that of melting points, and other similar 
data have been plotted; but the method has 
not been used to its full extent. 

Let us then turn to the diagram (Fig. 3) 
in which the variations in a number of 
properties are plotted with relation to the 
atomic weights. Prominent among the 
lines is the atomic-volume curve just men- 
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twenty-two years ago. This mysterious 
index of uncharted tendencies must hide 
within itself guiding ideas capable of 
pointing us onward. 

Clearly each property must receive, not 
merely qualitative, but strictly quantitative 
treatment. With this in mind, let us com- 
pare our various facts by plotting atomic 
weight in one direction, and all the other 
properties in another. Then by noting the 
parallelism or anti-parallelism of the wavy 
lines, many relationships may be traced. 


tioned. Below it is plotted the almost 
parallel line depicting the compressibilities 
of the solid elements as determined at Har- 
vard; these are immediately seen to be, like 
the atomic volumes, periodic functions of 
the atomic weights. The parallelism can 
not but suggest that atomic volume and 
compressibility are fundamentally con- 
nected; and, indeed, the theory of com- 
pressible atoms gives a plausible explana- 
tion of the connection. We should expect 
the large atomic volumes to be more com- 
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pressible, because we might infer from 
their bulk that they are not under as great 
pressures as the small volumes, and ma- 
terial under slight pressure is likely to be 
easily compressible. Moreover, the bulky 
and easily compressible elements are in 
most cases more easily melted and volatil- 
ized than those possessing small volume 
and slight compressibility. This is just 
what we might expect; all these properties 
combine to indicate that the bulky elements 
have less cohesion than the compact ones. 

Next, another set of waves may be con- 
sidered, representing properties not often 
depicted in this way. These are the heats 
of formation of sundry similar compounds, 
also plotted with relation to the atomic 
weights. In the third curve are given the 
heats of combination of chlorine with other 
elements, and below it a heavy line de- 
picting the heats of the combination of 
oxygen with these elements, both sets of 
quantities being expressed in terms of 
gram-equivalents. 

These two run partly parallel with one 
another; but a deviation in the parallelism 
appears, which is full of suggestiveness. 
The peaks of the curves representing oxides 
shift distinetly to the right of the curve 
representing chlorides as the atomic weight 
increases. Lithium marks a maximum with 
both curves, but the oxygen curve lags 
greatly at the succeeding peaks, having its 
maximum with lanthanum at the atomic 
weight 139,°* and shifting over as far as 


“The essential data for discovering this gen- 
eralization, namely, the heats of oxidation of the 
metals having great affinity for oxygen, are as 
follows: lithium, 72; sodium, 50; magnesium, 72; 
potassium, 43; calcium, 76; rubidium, 42; stron- 
tium, 71; ewsium, 41; barium, 67, and lanthanum, 
74. These values correspond with gram-equiva- 
lents, that is, combination with eight grams of 
oxygen, and are expressed in kilogram-calories. 
The typical oxide is always meant. The figures 
rest chiefly upon the recent work of Rengade, 
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lead above 200. This simple fact standing 
alone would perhaps mean but little, but 
other similar facts seem to point in the 
same direction. For example, the property 
of electro-positiveness, exhibited by the 
alkali metals, instead of reappearing in 
copper, has been carried over with dimin- 
ished intensity to zine; and _ finally, 
among the higher atomic weights the cusp 
has deserted mereury (the analogue of 
zinc) and gone as far afield as thallium. 
Clearly the rate of progression which de- 
termines electro-positiveness has a longer 
‘‘wave-length’’ than that which determines 
valence, if we may describe the periodicity 
of these zigzag curves as waves. Again, the 
tendency towards low melting point un- 
questionably likewise progresses with a 
longer ‘‘wave-length’’ than most of the 
other properties. In the first complete 
period, nitrogen, oxygen, fluorine and neon 
all have very low melting points. At each 
recurrence of these groups with higher 
atomic weights the melting point rises, 
whereas with each recurrence of the imme- 
diately following alkali metals the melting 
point falls. By the time antimony is 
reached, this analogue of nitrogen has a 
melting point as high as 900° absolute, 
whereas the next alkali metal has the lowest 
melting point of all these metals. Clearly 
the property of melting has shifted toward 
the right. Other examples of a similar 
kind have been pointed out by others, 
de Forerand and Guntz. References to most of 
the papers are to be found in Abegg’s ‘‘ Hand- 
buch der anorganischen Chemie.’’ The work of 
Guntz is published in Compt. rend., 1903, 136, 
p. 1071; 1905, 140, p. 863; Bull. Soc. chim., 1906, 
(III.), 35, p. 503. The work on lanthanum was 
done by Matignon, Ann. Chim. Phys., 1906, 
(VIII.), 8, p. 426. The heat of oxidation of 
beryllium is not accurately known, but since the 
oxide may be decomposed by magnesium at high 
temperatures, the value is very probably less than 
70 calories per gram-equivalent. 
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for example, the well-known displacement 
from strict periodicity of argon, cobalt and 
tellurium all point to an unequal rate of 
progression in isolated cases. Thus, this 
phenomenon seems to be a general one; the 
various properties of material seem to os- 
cillate with varying rhythms as the atomic 
weights increase. The variation is so great 
that one may almost suspect not only vary- 
ing rhythms but also rhythms represented 
by different types of mathematical fune- 
tions. 

These facts suggest a possible reason for 
the great irregularity of the last part of 
the periodic table. May it not be that the 
nature of the elements is determined by 
several fundamental tendencies which may 
be compared to the Mendelian characters of 
the modern theory of heredity? If these 
characters recur at different intervals as 
the atomie weight increases, a given rhythm 
occurring at first would necessarily be ob- 
literated toward the end of the system. 
To change the analogy and borrow a term 
from the nomenclature of light, we may 
say that the tendencies which produce the 
curves in this diagram, might first rein- 
foree and afterwards interfere with one 
another, because they possess different 
wave-lengths. At first, overlapping might 
accentuate one set of properties; later the 
changing relation might annihilate this set 
of properties and cause another. Thus, 
all the varieties of material may be func- 
tions of some few fundamental character- 
isties which progress at different rates as 
the atomic weights increase. 

Any attempt to discover the nature of 
these fundamental tendencies must be of a 
highly speculative character. In our ig- 
norance we can not distinguish between 
cause and effect. The well-known definite 
relations of the spectrum lines suggest that 
at least one of the essential requirements 
for the existence of an atom may be suscep- 
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tibility to certain definite harmonie vibra- 
tions; those compressible atoms capable of 
vibrating in certain rhythms may be per- 
manent, whilst other aggregations may be 
unstable. The gap in the periodic system 
where ekaiodine ekacesium should be, and 
the amazing instability of the elements im- 
mediately following, supports the notion. 
But here we have a cosmic puzzle for 
future solution. To-day we lack adequate 
data, we are blocked at every turn by our 
ignorance; therefore, the immediate prob- 
lem is to discover and test each step as 
carefully as possible. When the facts have 
been ascertained, man will have a solid 
basis upon which to build his future super- 
structure of theoretical interpretation. 
The quest is not dictated by mere curi- 
osity alone. All organie life is actuated by 
chemical energy, and exists in a mechanism 
and environment composed of chemical 
substances; and the effort to understand 
these essential conditions of human exist- 
ence constitutes one of the most important 
objects of human endeavor. Superficial 
observation of the complex phenomena of 
life can do but little; as Faraday well 
knew, patient study of the fundamental 
laws of the physical universe alone can help 
to unravel the interwoven threads. Health, 
well-being and a profound philosophic out- 
look are alike dependent upon the result. 
No one can predict how far we shall be 
enabled by means of our limited intelli- 
gence to penetrate into the mysteries of a 
universe immeasurably vast and wonder- 
ful; nevertheless, each step in advance is 
certain to bring new blessing to humanity 
and new inspiration to greater endeavor. 


THEODORE WILLIAM RICHARDS 
HARVARD UNIVERSITY 


SCIENCE AND LITERATURE 


SPEECH was given to man to conceal his 
thoughts, according to some eighteenth-cen- 
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tury French cynic; and the way in which 
language is most frequently employed now 
makes it seem applicable to twentieth-century 
America. A man is a pessimist who disbe- 
lieves in the accuracy of the glowing pictures 
painted by popular vanity or personal interest, 
no matter how much faith he may have in 
more reasonably attested good; and he is an 
optimist if, either without effort or by the 
ostrich’s expedient of burying its head in the 
sand, he shows himself absolutely oblivious to 
the possibility of anything unflattering or un- 
comfortable ever arising. With equal disre- 
gard of their proper application and limita- 
tion, the words science and literature are con- 
fused; so that, if anything definite at all is 
meant by them, it is often something nearer 
the import of the other, than that of the one 
employed. It is, of course, not desirable to 
add to this confusion by attempting to define 
the words, which are both too extensive in sig- 
nificance for exact definition, but it may not 
be inappropriate to discuss their meanings to 
see if any reasons can be discovered to account 
for their confusion, and for the fact that, 
mistakenly, they are often used as if they were 
mutually exclusive, and understanding of or 
sympathy with the one implied ignorance of or 
hostility towards the other. 

Ultimately, of course, literature and science 
have the same object—to throw light on the 
deeper problems of existence; but literature 
seeks to do this by means of thought, and 
science by means of knowledge, that is, litera- 
ture is the product of reflecting on knowledge 
in its entirety, science devotes itself to sys- 
tematic observation of its details. The pro- 
ducer of literature, however, must know and 
observe, just as the scientist must reflect, if 
he is to be creative; so that each must under- 
stand the methods and appreciate the achieve- 
ments of the other, and inability to do so calls 
into question a man’s right to be considered 
an author or a scientist, however much preten- 
sion he may make to either title. This is the 


fact of the matter, but contemporary standards 
are always mediocre, and the popular concep- 
tions of literature and science alike are based 
on such inferior exhibitions of both that it is 
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not strange that literature should be associ- 
ated primarily with subjective conjecture, and 
science with the perceptions of sense rather 
than of the intellect, and that literature should 
be looked on as wholly ephemeral and science 
as wholly material, as they are. 

It is not entirely because of mediocre stand- 
ards, however, that such notions of the nature 
of science and literature obtain, but because 
of the character of modern civilization, and 
also because of the quality of the ideas that 
dominate the modern mind. The law of the 
universe, according to the observation of in- 
numerable philosophers, is flux and flow. The 
earth moves from perihelion to aphelion, the 
moon from apogee to perigee, and everything 
else surveyed by the human mind, as well as 
the human mind itself, moves with a systole 
and diastole that, though often obscured by 
the infinite variety of the movements with 
which it is complicated, is neverthless evident 
to the observant intellect. In the case of the 
human mind one exhibition of this movement 
is between an extreme of dependence on the 
world of sense without it and another of sub- 
mission to truths disclosed by inward experi- 
ences. If a chart or graph of such movements 
were drawn, provided, of course, that any one 
dealing in charts and graphs were capable of 
comprehending the existence of forces as real 
and extensive as these, it would be shown that, 
whatever intervening fluctuations there may 
be, there are periods when the ideas of men 
rest almost wholly on the principles of their 
own nature and others in which external 
forces rule to an equal extent. In the early 
centuries of the Christian era, when the 
civilization of to-day was formed, the dom- 
inant thought of the world was guided to a 
remarkable degree by the observation of human 
nature, and the external world was correspond- 
ingly neglected. With an indifference to any- 
thing but the necessity of harmonizing all 
phenomena with preconceived notions equal to 
that of the German pedant who evolved a 
description of the elephant solely from his 
inner consciousness, the entire material world 
of early Christian times was assumed, in defi- 
ance of much obvious evidence to the con- 
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trary, to be nothing but a vast pantomime 
illustrating the spiritual world as religious 
dogma created it. It was not ignorance of the 
natural world alone that filled the early besti- 
aries with statements that the ass brayed seven 
times a day to illustrate the seven deadly sins, 
or did something else three times to illustrate 
the trinity, and others of a like nature; such 
statements were disproved by the daily experi- 
ence of almost everybody, and their wide cir- 
culation and general acceptance can only be 
explained by the fact that the popular intellect 
was so engrossed with the contemplation of 
emotional phenomena as to be unconscious of 
nearly everything else. 

To-day the pendulum has swung to the 
other extreme, and the human mind conceives 
everything, not in terms of spiritual experi- 
ence, but according to the analogy of material 
phenomena; in fact, it is not too much to say 
that the modern intellect is as devoid of any 
intelligent insight into human nature as the 
early Christian mind was of knowledge of 
natural history. This of course tends to pre- 
vent any profound understanding of litera- 
ture, for literature is concerned primarily with 
human nature and only secondarily with na- 
ture in its ordinary significance. “ Mankind,” 
says Goethe, “is ever changing; man remains 
ever the same”; and it is the business of lit- 
erature to exhibit this eternal nature of man 
through the incessant variations of its external 
environment. In modern times, however, the 
progress of civilization has vastly increased 
the physical forces under man’s control, and so 
obscured those fundamental moral powers with 
the exercise of which literature is concerned, 
while it has rendered his artificial environ- 
ment more complex and more varied, so that 
its reproduction has become a more interest- 
ing and a more important task, and has come 
to be regarded as the chief concern of litera- 
ture, although in reality it is only one of its 
less important functions. 

The materialistic intellectual preconceptions 
of modern times and the artificial character 
of modern civilization have also affected the 
teaching and interpretation of literature in a 
way calculated to give an erroneous impres- 
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sion of its real nature. The pedantry of to- 
day shows a slavish worship of the literal fact, 
and, at the same time, an artificiality that is 
surprising. The human interest is more com- 
pletely eliminated from literature—whose in- 
terest, we have seen, is supremely human— 
than it ever has been before. A mass of mis- 
cellaneous information relating to literary his- 
tory rather than to literature,” mingled with 
much unsubstantial theorizing and some frag- 
mentary reading is what the colleges present 
to the student as literary instruction. The 
classics are no longer taught as the thought of 
other civilizations; they have become almost 
exclusively the memorizing of details of acci- 
dence and syntax, supplemented at more ad- 
vanced stages by equally bald and inert in- 
formation about literary forms or historical 
relationships. Under these circumstances it 
is not to be wondered at that the average 
youth, and every youth who has an acute mind 
or the courage of his convictions, finds no at- 
traction in the study of the classics. The facts 
such a study will reveal to him may be com- 
plicated and difficult to learn, but so are facts 
in connection with chemical changes or phys- 
ical laws; and these latter have, besides their 
greater direct vocational value, the added ad- 
vantage of being current and significant to- 
day and possessed of a greater degree of certi- 
tude and demonstrability. 

Such is the appeal of literature to the under- 
graduate, the graduate is no better off. Phi- 
lology is a significant and interesting study 
that bears an important relation to the under- 
standing of language, which is the vehicle of 
literature; but philology is not literature, even 
though it be a much more secure field for 
those whose minds are baffled by the illusive 
nature of that subject. Philology, however, 
even when it sets itself to tabulating the num- 
ber of times a certain conjunction or adverb 
occurs in some author or text, has far more to 
justify it than the other form of literary schol- 
arship that is most industrious to-day. By this 
latter the student is encouraged to expend his 
energies on questions as indeterminate and fu- 

*See Babbitt, ‘‘Literature and the American 
College.’’ 
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tile as the most ridiculous ones of the medieval 
schoolmen. In the field of English scholar- 
ship, for instance, a great deal of effort has 
been put forth to determine the exact route of 
the Canterbury Pilgrimage, and where the 
knight began and ended his tale, where the 
Chanoun’s yemanne joined the cavalcade, and 
similar points, as if it were an actual his- 
torical occurrence. Such an attempt as this is 
just as ridiculous as it would be to try to 
determine whether it was the right or the left 
slipper that Cinderella lost, if the story leaves 
us in doubt on that point; for the Canterbury 
Pilgrimage, although it may well have had one 
or several prototypes, never took place in any- 
thing like the form we know it anywhere else 
than in Geoffrey Chaucer’s brain. This is the 
sort of task that lies within the compass of 
uninspired industry, but it has nothing else to 
recommend it; and when students are encour- 
aged to devote themselves to such tasks, under 
the name of constructive scholarship, and 
questions so artificial and so remote from sig- 
nificant facts and fixed principles are thus 
associated so extensively with literature, it is 
no wonder that it suffers in public esteem, and 
that it has come to be considered by many as 
profitless speculation. 

Something, though, that is worse for litera- 
ture than its association with philology and 
pedantry is its confusion with dilettantism. 
There are no rewards offered to-day for the 
production of literature of a high order, there 
has been no intellectual or moral stimulus to 
its production, and there is consequently no 
power to discern it in present-day civilization 
if it were produced; so that the best strength, 
if not the best intellect, of to-day is directed 
towards the solution of more material prob- 
lems. The effect of this is to leave literary 
production, to an unprecedented extent almost, 
in the hand of the intellectually petty and the 
spiritually contemptible. Men who in periods 
of greater literary discrimination would not 
have achieved even the negative distinction of 
being ridiculed in satires such as those of 
Pope or Dryden, through lack of competition, 
get themselves considered authors, and the 
public is led to believe that, if they are con- 
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demned, literature with all the value and 
honor accorded to it by tradition must be con- 
demned too. Some men of this type have 
entered college teaching and have thus been 
enabled to identify themselves with learning 
as well as with literature and to lessen the 
respect and sympathy of the student as well as 
that of the general public for the subject. It 
is to their influence that the student owes his 
impression that literature is a matter of form 
rather than substance, and that in it what is 
said is unimportant provided it be expressed 
in an elegant or striking manner. This leads 
to an esteem for mere felicity far beyond its 
worth and to a serious corruption of taste. 
What is known as “style” is certainly an 
important factor in determining literary val- 
ues, but style is not a mere matter of the 
externals of expression, any more than being 
a gentleman is only a question of convention- 
alities of dress and deportment because it 
seems so to the petty mind. 

Where this type of intellect does not iden- 
tify excellence with externals or superficiali- 
ties it is even more mischievous, for it incul- 
cates a dislike for matter that is substantial 
and nutritive and a strong taste for what is 
stimulant or narcotic. Shakespeare and other 
writers that require depth of intellect and 
breadth of sympathy for their appreciation are 
abandoned, for the most part, to the philolo- 
gists and pedants, or their greatness is ex- 
plained as being due to skill in literary tech- 
nique or to some secondary or inferior quality. 
That knowledge or wisdom is essential to 
good literature is entirely overlooked and very 
often the opposite is strongly implied. Under- 
standing of life and its correct delineation is 
not what is presented as the aim of literature, 
but it is pictured as depending, in poetry, on 
a sort of mildly epileptic or neurotic excite- 
ment imparted by the writer to his verse so that 
the reader is infected by it; and in prose, on 
novelty and ingenuity. Classic literature is 
regarded as consisting of what persons of more 
solid attainments would call “ minor verse ”— 
verse dealing with sentiment rather than pas- 
sion—and fiction; for in this school all prose 
that is literature is fiction, because facts are 
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too commonplace and uninteresting, as well as 
too difficult, for the elegant mind. The value 
of history, biography, especially of scientific 
exposition, while not denied openly, is tacitly 
belittled as a means of forming the intellect 
and imparting culture, even to scientific stu- 
dents. The effect of this on education has 
been very bad, for while the philologists and 
pedants have only helped to make literature 
ridiculous among undergraduates, this has 
done a great deal to bring it into contempt 
among them; for it is not lack of intelligence 
or refinement that makes the normal student 
dislike literature, so much as it is an in- 
stinctive realization on his part that, as pre- 
sented by his teachers, it is nothing but effem- 
inacy and snobbery. The student, on the other 
hand, who has pretensions to elegance and re- 
gards literature as something to be cultivated 
is unrestrained by any standards of sufficient 
dignity, and instead of being taught not to 
mistake license for liberty and appetite for 
aspiration, he is encouraged to do so, and it 
is said that in some of the larger colleges, 
where the fashionable element is most numer- 
ous, Oscar Wilde, whose appeal is only to the 
shallow or the corrupt, is the favorite author 
and the commonest model. 

Materialistic preconceptions, therefore, have 
taken from the intellect of to-day both interest 
in literature and ability to understand its most 
characteristic qualities, and have allowed its 
production and interpretation to fall into the 
hands of persons who have misrepresented it, 
so that the misunderstanding of its nature by 
the public is not to be wondered at. The same 
preconceptions have identified the typical sci- 
entist with the inventor of an automatic an- 
nunciator or cash register, rather than with 
the discoverer of cosmic principles or far- 
reaching truth, and so have spread an impres- 
sion that science is of the earth, earthy, while 
literature is vague, unsubstantial and senti- 
mental. This being the situation, the ques- 
tion arises whether or not anything can be 
done to remedy it. 

The bringing about of the production of 
enduring literature and the imparting to the 
public of an ability to detect and appreciate it 
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is too great a task to attempt, and circum- 
stances must be left to effect it. There is 
every reason, however, to expect a betterment 
in both these respects soon; for the maturing 
of American civilization has supplemented the 
former flamboyant and frothy public opinion 
with an undercurrent of serious and candid 
judgment, and has made the national con- 
science in this country more acute and more 
earnestly intent on discerning its own weak- 
nesses and reforming them than it is any- 
where else in the world. This would of itself 
presage the production of more serious and 
more important literature and the development 
of greater powers of discrimination, even if 
the deficiency in both these respects in the past 
generation did not ensure an improvement in 
the next. But this is only a prospect and 
applies only to literature; it still remains to 
be seen what can be done for the present, and 
what improvement can be wrought in the 
popular attitude towards science. 

In this latter problem it would seem that 
most can be done by the scientific men them- 
selves. It ought to be possible for them to 
visualize their own objects, and to define their 
own standards more clearly than they do. It 
often seems as if they were very punctilious 
about an etiquette that forbids them to profess 
any opinions on matters outside their own 
special field of knowledge. This appears as if 
it should be a good thing, and it would be 
beneficial if it were due to modesty alone or to 
a disinclination to speak without knowledge; 
but, unfortunately, it is due to a lack of in- 
terest more than to anything else; and its 
effect is, first, to present few exhibitions of the 
aims of science apart from those of the special 
investigator, which are necessarily restricted 
and preponderatingly material; and, second, 
to allow a great deal of pseudo-science to go 
unexposed to a sufficient extent to destroy its 
influence on the public mind. Instead of 
their present indifference, and sometimes sus- 
picion and disdain, for all other knowledge 
except their own special branch, if scientific 
men would cultivate wider sympathies and 
endeavor to interest themselves in the progress 
of science in its entirety and not identify it 
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with their own specialty alone, it is likely that 
the public would acquire a more intelligent 
idea of what its essentials are, and a greater 
power to discriminate between those who rep- 
resent and those who misrepresent it. With a 
united and sensitive scientific opinion, varia- 
tions in either direction from its golden mean 
would be much more quickly detected and 
much less successful in obtaining public 
credence than they now are. The building of 
vast and elaborate structures of theory on 
microsecopie foundations of fact would not 
escape scrutiny to the extent that it does now, 
and the pedagogist who promulgates his prin- 
ciples on the evidence of random, silly, or 
morbid statements gleaned from question- 
naires, as well as the anthropologist who deter- 
mines ethnic relationships on a few insignifi- 
cant facts and his own racial or intellectual 
prejudices, or classifies the human race on the 
evidence of five or six skulls, and all similar 
empirics would have to find another livery 
than that of science to wear. Likewise, if a 
man should attempt to make history, philos- 
ophy, literature and kindred subjects exact 
sciences by some such simple expedient as 
measuring the amount of commentary on men 
and events to determine their importance, his 
plan would very soon be dismissed perma- 
nently as merely an effort to reduce an in- 
tensely complicated problem to a simple matter 
of sense perception—a thing that men will 
always try to do, just as they have sought the 
fountain of youth, the philosopher’s stone, and 
more lately perpetual motion, but in doing so 
have shown themselves not scientific, but the 
reverse of it. 

Another thing that might be done is to de- 
fine more clearly the relation between theoret- 
ical and applied science. The general opinion 
now seems to tend altogether too much in the 
direction of believing that a choice must be 
made between them, and that to believe in the 
value of the one implies condemning the other. 
Of course there can be no intelligent con- 
demnation of applied science, for theoretical 
science has no value apart from its application 
at some time or other; but what can be con- 
demned is the prevalent idea that applied 
science is everything, and that if research or 
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investigation can not be shown to have direct 
bearing on some problem of practical life it is 
valueless. This is a notion that scientific men 
owe it to themselves to combat and to over- 
throw. Let applied science have its honored 
place, let it be admitted that James Watt, even 
that the inventor of a useful mouse-trap, is a 
scientist; but let it also be recognized that 
Newton and men of his type deserve the title 
likewise, and that applied science owes some- 
thing to their efforts and should be willing, not 
only to acknowledge the debt, but also to per- 
ceive the grounds on which it is due. Per- 
haps if this were done there would be less of 
what Professor Walker’ has called “the spirit 
of alchemy ” among present-day scientists, and 
there might also be a more intelligent idea of 
the nature of science abroad in the land—a 
realization that it means first of all a love of 
truth to which not only subjective hopes of 
immortality, and beloved traditions and be- 
liefs, but even the love of profit itself must be 
subordinate. 

Extending their sympathies and interests 
beyond the bounds of their own sphere of 
knowledge might also enable scientific men to 
aid somewhat in bringing about a better 
understanding of the real significance of lit- 
erature. At present they, for the most part, 
regard the subject as a necessary evil to be 
suppressed as much as public opinion will 
permit. Others believe that it has some value, 
and although they can not make themselves 
see just what it is, they are nevertheless will- 
ing to take it on trust. Still others express 
great admiration for the subject, but their 
utterances concerning it often suggest that 
their understanding of it is not very profound. 
A saving remnant, however, show an intelli- 
gent appreciation and understanding of litera- 
ture, and not less by what they reprehend than 
by what they praise, prove themselves its 
friends. It is this latter class that more 
catholic sympathies would undoubtedly in- 
crease; and with scientific opinion having the 
weight it has to-day, its influence on the 
public mind ought to be very great. On the 
academic world its influence should be even 

2¢¢ Alehemy in Modern Industry,’’ ScrENcE, N. 
S., Vol. XXXIIL., p. 913. 
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greater, and ought to be sufficient to bring 
about a distinct betterment in the teaching of 
literature. It would be far better not to teach 
the subject at all than to do so in an ineffective 
or misleading manner or to treat it as a nuis- 
ance tolerated only to avoid the reproach of 
neglecting the cultural, without any faith 
either in the necessity for culture or in the 
study of literature being a means of acquiring 
it. An intelligent and interested opinion 
would do away with this situation, and would 
be sufficient to ensure literature being taught 
in a sincere and competent manner. Two 
things would undoubtedly be insisted on that 
are matters of indifference now: sufficient 
knowledge and sufficient persuasive power in 
the teacher. Literature is a subject that in- 
volves a knowledge of history and of lan- 
guages, and no man has a right to teach it 
unless he can show a certain amount of learn- 
ing in both fields; and to guarantee that he is 
not a pedant, he should be able to interest 
students in his subject and make it appeal to 
them. There is a very strong feeling now that 
instruction must not be allowed to degenerate 
into mere entertainment, and while there is 
some justification for this apprehension, it 
should not lead to the conclusion that any 
teaching that is dull or repellant is successful. 
Where real knowledge of wide significance is 
being conveyed there is no danger of the 
learner finding no resistance to overcome, but, 
on the other hand, there is no danger of its 
exposition becoming an insufferable bore or an 
object of ridicule among earnest and indus- 
trious students. There can be no doubt that 
if scientific opinion were more active and more 
general in its scope, not science and literature 
alone, but many other things as well, would 
become clearer in the public mind as well as 
more effectively treated educationally. 


Gunn 
MASSACHUSETTS INSTITUTE 


oF TECHNOLOGY 


THE NUMBER OF STUDENTS TO A 
TEACHER IN STATE COLLEGES 
AND UNIVERSITIES 


Tue following tabulations are based upon 
figures found in “ Statistics of State Univer- 
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sities and other Institutions of Higher Edu- 
cation partially supported by the State”? 
and show the number of students to a teacher 
in eighty-one state-supported schools, 

The average number of students to a 
teacher is 10.5. It is interesting to note that 
while no doubt, in general, the cost of the 
unit hour of instruction is smaller in 
schools having more students to a teacher, the 
best schools in the list tend to have less than 
10.5, the average number of students to a 
teacher. Thus for Cornell University the 
universities of Wisconsin, Ilinois, Michigan, 
California and the Massachusetts Institute of 
Technology the number of students to a 
teacher is only 9.5 +. 


No. of 
Students to 
Name of Institution a Teacher 
Alabama Polytechnic Institute ......... 11.6 
University of Alabama ................ 11.3 
University of Arizona 4.7 
University of Arkansas ...........+..+. 9+ 
University of California ............... 12.9 + 
University of Colorado 7.8+ 
State Agricultural College (Colo.) ...... 3+ 
Colorado School of Mines ............«. 18.7 
Connecticut Agricultural College ........ 8+ 
University of Florida ......... Seaeense 7+ 
Florida State College for Women ....... 10.9 + 
University of Georgia 11+ 
Georgia School of Technology .......... 12.3 + 
North Georgia Agricultural College ..... 14.2 + 
University of Idaho ...........eeeeeee- 9.8 + 
University of Illinois 8.4 + 
Indiana University 13 + 
Purdue University (Ind.) .............. 11.2 + 
Iowa State College of Agriculture and 
Mechanic Arte 12.4 + 
State University of Iowa ........ feasre 13 + 
University of Kansas 11.2 + 
Kansas State Agricultural College ...... 12.1+ 
State University (Ky.) ..............+- 9.7 
Louisiana State University and Agricul- 
tural and Mechanical College ......... 10.4 + 
University of Maine .......... 9.2 + 
Maryland Agricultural College .......... 7.7+ 
Massachusetts Agricultural College ...... 8.5 + 
Massachusetts Institute of Technology ... 6.6 + 
University of Michigan ...............- 15 


‘For the year ended June 30, 1910. Washing- 
ton, Government Printing Office, 1911. 
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Michigan State Agricultural College .... 11.6 + 


Michigan College of Mines ..... 88+ 
University of Minnesota ............... 26.1 + 
Mississippi Agricultural and Mechanical 

College 16.6 + 
University of Mississippi? ............. 12.6 + 
University of Missouri ................ 8.4 + 
Montana College of Agriculture and 

Montana State School of Mines ......... 6.7 + 
University of Montana ................ 6.4 + 
University of Nebraska ................ 11.3 + 
University of Nevada ..............08. 8.3 + 
New Hampshire College of Agriculture 

and Mechanic Arts ..........eceeeee. 6.8 + 
Rutgers College (N. J.) .........eeeees 9.3 + 
New Mexico College of Agriculture and 

University of New Mexico ............. 8.1 + 
New Mexico School of Mines ........... 6.5 
Cornell University (N. Y.) ............. 6.6 + 
University of North Carolina ........... 8.2 + 
North Carolina College of Agriculture and 

North Dakota Agricultural College ...... 11.5 + 
State University and School of Mines 

Ohio State University ................. 12.8 + 
Miami University (Ohio) .............. 10 + 
University of Oklahoma .......... 
Oklahoma Agricultural and Mechanical 

11.8 + 
Oregon State Agricultural College ...... 11.9 + 
University of Oregon ..............000 8.6 + 
Pennsylvania State College ............. 9.5 + 
Rhode Island State College ............. 6.6 + 
South Carolina Military Academy ....... 17.9 + 
Clemson Agricultural College (S. C.) .... 13.5 + 
University of South Carolina .......... 10.5 + 
South Dakota Agricultural College ...... 8.6 + 
South Dakota State School of Mines .... 3+ 
University of South Dakota ............ 9.6 + 
University of Tennessee ...........+-+: 6.5 + 
University of Texas ...............0005 18 + 
Agricultural and Mechanical College of 

Agricultural College of Utah ........... 12.1 + 
University of Vermont and Agricultural 

5.5 + 
Virginia Polytechnic Institute .........- 7.9 + 
University of Virginia .............++++ 10.5 + 


*From 1909 report. 
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Virginia Military Institute ............. 16.3 + 
College of William and Mary (Va.) .... 12+ 
State College of Washington ........... 13.9 + 
University of Washington .............. 18.5 + 
West Virginia University .............. 6.5 + 
University of Wisconsin ............... 7.9 + 
University of Wyoming ................ 5.6 + 


©. H. Hanpscurw 


SCIENTIFIC NOTES AND NEWS 


It is reported from Stockholm, we hope 
correctly, that the Nobel prize for physics will 
be awarded this year to Mr. Thomas A. Edison. 


Proressor R. W. Woop, of the Johns Hop- 
kins University, has been elected a correspond- 
ing member of the Gottingen Academy of 
Sciences. 


Proressor R. DeC. Warp, of Harvard 
University, and Mr. C. G. Abbot, of the 
Smithsonian Institution, have been elected 
corresponding members of the German Meteor- 
ological Society. 


Dr. Emi Fiscuer, of Berlin, has been 
awarded the Berzelius medal of the Swedish 
Medical Society. 


Proressor Martin Kircuner, the bacteriolo- 
gist, has been appointed head of the medical 
department in the Prussian ministry, a posi- 
tion that has hitherto been held by a jurist. 


Sm AtmrotH Wricut has been commis- 
sioned by the mining groups of the Rand to 
investigate and report on the question of im- 
munization against pneumonia, a disease 
which is said to be the cause of the largest 
mortality among the native laborers on the 
goldfields. 


Dr. WituiamM H. Brown, research assistant 
in plant physiology at the Michigan Experi- 
ment Station, and instructor in plant physi- 
ology at the college, has been appointed plant 
physiologist in the Philippine Bureau of Sci- 
ence, Manila. 


Dr. Yase, formerly of Yokohama, is spend- 
ing several months in the paleontological labo- 
ratory of Columbia University studying Amer- 
ican Paleozoic faunas and also continuing his 
research on Scaphites. 


| 
/ 
j 
| 
t 
i 


558 SCIENCE 


Mr. Gano Dunn has returned from abroad, 
where, as a representative of the United States 
government and as president of the American 
Institute of Electrical Engineers, he has been 
attending the International Electrical Con- 
gress at Turin and the meeting of the Inter- 
national Electrotechnical Commission, the 
body that has been organized to bring about 
international uniformity of standards and 
practise in the electrical industry. 


WE learn from the Electrical World that 
Dr. Adolf Franke, director of Siemens & 
Halske Actien Gesellschaft, Berlin, arrived at 
New York on October 13, and will represent 
the Verband Deutscher Electrotechniker at a 
Helmholtz celebration which will take place 
under the auspices of the American Institute 
of Electrical Engineers. Dr. Franke is ac- 
companied by Dr. A. Ebeling, chief of the 
Pupin department of the Siemens & Halske 
Company, known for his researches in connec- 
tion with the Pupin system and the design of 
telephone lines. Later these gentlemen will 
be joined by Dr. Paul Rasehorn, chief of the 
electrical measuring department of the Sie- 
mens & Halske Company. These gentlemen 
will, in company with Dr. K. G. Frank, Amer- 
ican representative of their company, visit a 
number of the more important telephone in- 
stallations in this country and also make a 
study of the effect of high-tension transmis- 
sion lines on neighboring telephone and tele- 
graph lines. 


We learn from the Yale Alumni Weekly 
that Professor Harry W. Foote, the naturalist 
on the Yale Peruvian expedition, has returned 
from South America with a valuable collection 
of zoological specimens including, a large num- 
ber of insects. He reports that the other 
members of the expedition, Professors Bing- 
ham and Bowman, are in good health and are 
having a successful field season. The party 
will be engaged until January studying a sec- 
tion of the seventy-third meridian from the 
base of the Andes to the Pacific Ocean. 


Dr. M. P. Ravenet, of the University of 
Wisconsin, has left for New York City, where 
he will attend the second meeting of the 
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National Commission on Standards of Milk. 
While in New York Dr. Ravenel will call a 
meeting of the board of directors of the Na- 
tional Association for the Study and Preven- 
tion of Tuberculosis of which he was elected 
president at the recent annual meeting in 
Denver. 


Dr. BLIss, associate professor 
of mathematics at the University of Chicago, 
is giving a course in advanced mathematics 
at Harvard University for the current quarter. 


Dr. Paut Liypner, of the Institute for Fer- 
mentation Industries at Berlin, gave an illus- 
trated lecture on “ New Views on Fermenta- 
tion and the Fermentation Organisms ” at the 
College of the City of New York on Tuesday, 
October 24, at 4 P.m., and at Columbia Univer- 
sity on Wednesday, October 25, at 8:30 p.m. 


Dr. Max Verworn, professor of physiology 
in the University of Bonn, lectured at Colum- 
bia University on October 26, on “ Life and 
Death.” 


Dr. THomas L. Watson, professor of geol- 
ogy, has been elected chairman, and Dr. R. M. 
Bird, collegiate professor of chemistry, secre- 
tary, of the scientific section of the Philosoph- 
ical Society of the University of Virginia. 
The editorial committee, which will supervise 
the publications, consist of Dr. William H. 
Echols (mathematics), Dr. William A. Kepner 
(biology) and Professor L. G. Hoxton 
(physics). 

Dr. J. F.R.S., the 
eminent English neurologist, died on October 
7, aged seventy-six years. 


Proressor Avucust Micuet-Levy, the dis- 
tinguished French geologist, died on Sep- 
tember 25. 


Tue death is also announced of M. Alfred 
Binet, director of the psychological laboratory 
of the University of Paris. 


Tue directors of the Journal of Biological 
Chemistry announce that the following 
friends and associates of the late Christian A. 
Herter have contributed to a Memorial Fund 
in recognition of his labors in promoting 
medical science: Mr. and Mrs. George F. 
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Baker, Mr. George B. Cooksey, Dr. H. D. 
Dakin, Dr. and Mrs. Edward K. Dunham, Mr. 
and Mrs. Richard M. Hoe, Mr. Alexander E. 
Orr, Mr. Cornelius N. Bliss, Miss Bliss, Mr, 
David Dows, Mr. Tracy Dows, Dr. and Mrs. 
L. Emmett Holt, Dr. Graham Lusk, Mr. Fred- 
erick Strauss. This fund, now amounting to 
forty thousand dollars, has been confided to 
the care of the directors of the Journal of Bio- 
logical Chemistry under the provisions of a 
declaration of trust executed by them. The 
chief aim of the trust is to further the inter- 
ests of the Journal of Biological Chemistry, 
an instrument for the development of science 
created by Christian A. Herter and fostered 
by him up to the time of his death. In the 
event that conditions arise removing the need 
for such a use of the income, provisions are 
made by which the fund shall continue as a 
memorial of Professor Herter and of service 
to humanity by the promotion of scientific re- 
search. 


Lectures given in the lecture hall of the 
Museum Building of the New York Botanical 
Garden on Saturday afternoons are as follows: 


September 2—‘‘ The Berlin Botanical Garden,’’ 
Dr. W. A. Murrill. 

September 9—‘‘ Plants and People of Pinar del 
Rio, Cuba,’’ Dr. C. Stuart Gager. 

September 16—‘‘The Fruit Industry of the 
Northwest,’’ Mr. George V. Nash. 

September 23—‘‘The Vegetation of the Dismal 
Swamp of Virginia,’’ Dr. Arthur Hollick. 

September 30—‘‘The Progress of the Develop- 
ment of the New York Botanical Garden,’’ Dr. N. 
L. Britton. 

October 7—‘‘Some Scenic and Floral Features 
of Cuba,’’ Dr, Marshall A. Howe. 

October 14—‘‘The Movements of Plants,’’ Dr. 
C. C. Curtis. 

October 21—‘‘Some Types of Variegated 
Plants,’’ Professor R. A. Harper. 

October 28—‘‘The Methods of Detecting Adul- 
teration in Food and Drugs,’’ Dr. H. H. Rusby. 


THE new pathological institute of the Royal 
Infirmary, Glasgow, has been formally 
opened by Sir William Osler, as we learn 
from The British Medical Journal. The new 
building, which forms an important feature 
of the extensive reconstruction scheme of the 
Royal Infirmary, is situated in the eastern 
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corner of the infirmary grounds and abuts on 
Glenfield Street. It is a fine building which 
reflects great credit on the architect, Mr. 
James Millar, who has already had experience 
of modern laboratory requirements in the new 
university medical extension. The feature of 
the institute is a large central hall, well lit by 
roof windows. Round the hall runs a gallery. 
The eastern end communicates with a large 
museum, consisting of a central well with two 
galleries. The museum is beautifully lit 
both by roof and side windows. Off the cen- 
tral hall open the various laboratories and re- 
search rooms. On the ground floor are lab- 
oratories for the teaching staff and a large 
general laboratory for research purposes. 
From the gallery entrance is gained to the 
lecture theaters, bacteriological laboratory, 
histology room, and the chemical laboratory, 
while a staircase gives access to the photo- 
graphic room and library. At the western 
end of the building the post-mortem room, 
with a small chapel, etc., are situated. 


Nature learns from a Sydney correspondent 
that the New South Wales government has 
issued instructions for the appointment of a 
state astronomer, who is also to be professor 
of astronomy in the Sydney University. At 
present it is said there is no chair of astron- 
omy in Australia. In making this appoint- 
ment, the public service board is acting with 
the university authorities, and they have fixed 
the salary at £800 per annum, with £100 for 
quarters; the professorship will carry with it 
the usual pension allowance. The first duty 
of the new state astronomer will be to organ- 
ize the erection and equipment of a new ob- 
servatory, as the present site is condemned. 


Mr. Cuartes E. Goopspeep, of Boston, paid 
$2,000 for a copy of the elephant folio edition 
of Audubon’s “ Birds” at a recent auction sale 
of rare books by C. F. Libbie & Co. The copy 
of Audubon’s “ Birds” was in fine condition, 
with the large plates of the turkey full-size, 
and many other plates in practically uncut 
condition. This original edition contained 
435 beautiful plates, colored by hand. The 
work was published by the author in London 
in 1827-38. 
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Durine the last two weeks of August some 
students of the summer session and graduate 
department of Columbia University made an 
extended excursion with Professor A. W. 
Grabau through New York State for the pur- 
pose of studying the various type sections of 
the Paleozoic series. The party numbered 
fourteen in all and included Professor C. E. 
Gordon, of Amherst; Dr. Yabe, recently ap- 
pointed to the professorship of paleontology in 
the new university at Sendai, Japan, and Dr. 
Hahn, of Munich. Among the localities vis- 
ited were Schoharie, Little Falls, Trenton 
Falls, Holland-Patent, the ravine of Swift 
Creek near Chadwick, a type section of the 
Clinton, the typical outcrops of the Oneida 
conglomerate, the Syracuse region, Tully and 
vicinity, the Genesee Gorge at Rochester and 
at Portage, Olean and the Rock City, Eighteen 
Mile Creek, and the Lake Erie shore, North 
Buffalo, Niagara, etc. 


UNIVERSITY AND EDUCATIONAL NEWS 


Tue Massachusetts Institute of Technology 
has broken ground for the Summer Engineer- 
ing Camp at Gardner Lake, Me., near East 
Machias. The wooden permanent buildings 
will be erected as soon as possible in 
the spring and the whole camp will be 
ready for the summer course of the civil 
engineers early in August. The camp grounds, 
which have been presented to the institute by 
an anonymous friend, include more than a 
square mile of land at Crosby’s Point, with 
outlook on the water on both sides and more 
than three miles of shore line. Mr. Charles 
W. Eaton (’84), of Haverhill, gave to the 
institute $10,000 for the purpose of erecting 
permanent buildings on this land. 


On October 3 members of the faculty and 
students at the University of Chicago ob- 
served the nineteenth anniversary of the open- 
ing of the institution with commemorative 
chapel services in Mandel Hall. The services 
were opened with prayer by Professor C. R. 
Henderson. President Judson spoke on the 
work of the university and compared the in- 
stitution when founded with that of to-day. 
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In a comparison of present conditions with 
those obtaining nineteen years ago, it was 
recalled that when the doors were opened for 
instruction on October 1, 1892, the number of 
students registered was 594, as against 6,466 
during the year 1910-11. The faculty at the 
start consisted of 135 men; now it numbers 
over 400. At its inception, the university owned 
four city squares of ground, and its total 
assets in pledges, endowment, buildings and 
books were $4,341,708. To-day its endowment 
and property holdings and pledges total $37,- 
270,792. 


ANNOUNCEMENT has been made of the con- 
solidation of Barnes Medical College, St. 
Louis, and the St. Louis College of Physicians 
and Surgeons. It is hoped that the combina- 
tion may bring the institution up to the 
standard required by the State Board of 
Health. 


At Goucher College, Baltimore, Dr. Samuel 
N. Taylor, formerly professor of engineering 
at the University of Cincinnati, has been ap- 
pointed professor of physics, and Dr. William 
H. Longley, professor of biology. 


Proressor H. E. Jorpan has been promoted 
to a professorship of histology and embryology 
at the University of Virginia. 

J. Cuester Brapitey, Ph.D. (Cornell ’10), 
has been promoted to be assistant professor of 
systematic entomology in Cornell University, 
to succeed Dr. A. D. MacGillivray, Ph.D. 
(Cornell ’04), who has accepted a similar posi- 
tion in the University of Dlinois. 


A. J. Gotprars, Ph.D. (Columbia 710), has 
been made an instructor in natural history at 
the College of the City of New York. 


Mr. H. A. Wapswortu has been appointed 
assistant professor in the School of Forestry 
at the University of Idaho. 


Dr. Duptey B. Reep, formerly director of 
physical education at the University of Roch- 
ester, has assumed his duties as medical ex- 
aminer at the University of Chicago, succeed- 
ing Dr. J. E. Raycroft, who has gone to 
Princeton University as head of a new depart- 
ment of hygiene and physical education. 
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Tue position of curator in paleontology at 
Columbia University, made vacant by the 
resignation of Dr. Elvira Wood, has been 
filled by the appointment of Felix Hahn, 
Ph.D., of Munich, who began his work at the 
university in August. Dr. Wood has gone to 
the Museum of Comparative Zoology in Cam- 
bridge. 

Dr. J. D. FAauconer, late principal officer of 
the Mineral Survey of Northern Nigeria, has 
been appointed to the lectureship in geography 
at Glasgow University, vacated by Captain 
Lyons, F.R.S. 


DISCUSSION AND CORRESPONDENCE 
TEXT-BOOKS AND REVIEWING 


Amone the numerous text-books which ap- 
pear every year, some are critically and care- 
fully reviewed, but others are treated super- 
ficially, or scarcely noticed. Without having 
compiled any statistics, I have the impression 
that the condition of affairs is on the whole 
very unsatisfactory, especially with regard to 
books intended for the secondary schools. 
Having for many years been interested in 
high-school biology, I have had occasion to 
look at many text-books and read many re- 
views, and it seems to me doubtful whether at 
the present time the high schools are pro- 
tected, as they ought to be, from bad work. 
It may be said that the teachers themselves 
should know enough to avoid the use of badly 
written books, or to correct the errors in 
those which are on the whole meritorious; 
but any one acquainted with actual condi- 
tions will know that this is much more diffi- 
cult than it seems. The one necessary thing 
is that responsible writers shall deal adequately 
and frankly with the books in responsible 
journals, making it impossible for anything 
unworthy to escape the criticism it deserves. 
Text-books stand on a somewhat different 
footing from other works. An original mono- 
graph may be praised for its good qualities, 
and its faults (there are always some!) for- 
given. It is judged by the actual advance in 
knowledge it represents. A text-book should 
be scrutinized so carefully that all errors are 


SCIENCE 561 


eliminated, save those due to the unwitting 
ignorance of present-day science. Criticisms 
which may seem ungracious in respect to 
original works, are justifiable and necessary 
when dealing with text-books. I will even 
suggest that Scrence might do worse than 
open a column headed “ errors in text-books,” 
to which teachers should send signed notes 
pointing out the mistakes they find from ‘time 
to time. These corrections would be espe- 
cially valuable when concerning texts in con- 
stant use and of known merit. 

The immediate occasion for these remarks 
is a book by Dr. E. Davenport, of the Univer- 
sity of Illinois, entitled “ Domesticated Ani- 
mals and Plants” (Ginn & Company, 1910). 
A copy of this work reached us at the Uni- 
versity of Colorado early in the present year, 
and was examined with more than usual in- 
terest, on account of the need for something 
of the kind in our high schools. It was seen 
to be of convenient size, well printed, pleas- 
antly written, and well illustrated. However, 
about the first thing to strike the eye on turn- 
ing over the pages was a good picture of a pas- 
senger pigeon, with the extraordinary state- 
ment that it is the “wild parent of all the 
domesticated sorts that have been developed 
by selection.” On the next two pages are fig- 
ures of twenty kinds of domestic pigeons, with 
these legends: “ Types of pigeons developed 
from the rock or passenger pigeon shown in 
Fig. 13”; “ Additional types developed from 
the passenger pigeon, by selection and breed- 
ing.” This astounding information is out- 
done, if that is possible, by some of the defi- 
nitions at the end of the book, as “ zygote, 
that portion of the gamete which determines 
a unit character”; “gamete, the fertilized 
ovum or ovule.” Fairly dizzy, we turn over a 
few more pages and discover that (p. 163) 
“every individual transmits all the characters 
of his ancestry,” a statement considered so 
important that it is italicized. The amount 
of error in the book is well brought out by 
Mr. Richard Lydekker, who reviews it in 
Nature, March 23, 1911, p. 107. Taking up 
the one section on cattle and sheep (eleven 
pages) he finds a whole series of blunders, 
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which he enumerates in some detail. In 
short, the book is so inaccurate that it is an 
outrage to put it in the hands of a single 
immature student. This book has _ been 
pushed by active and intelligent agents, and 
also widely advertised; it has doubtless been 
adopted in many schools. How have the 
scholars of America dealt with it? The first 
review I saw was in the Nation, of course 
anonymous. It was laudatory, and did not 
indicate that anything was wrong; though I 
remember a vague reference to some matters 
on which there might be differences of opinion. 
I wrote to the editor, pointing out the real 
character of the book, and received the reply 
that the reviewer quite agreed with me as to 
the work as a text-book, but reviewed it fa- 
vorably because he thought it might be useful 
in other ways! 

For some time no other review came to 
my notice, until I received the American 
Breeders’ Magazine, Vol. 2, No. 1. Here, if 
anywhere, we might expect critical treatment. 
The review (p. 77) is wholly and extrava- 
gantly laudatory, without any hint of errors. 
It ends with the remark that “ Dean Daven- 
port’s pioneering work is most valuable, both 
because of the excellence of his books and be- 
cause they blaze the trail in this subject.” 
The review is anonymous, and the editor, on 
being written to, does not defend it. 

Finally, I find a review by Dr. Geo. H. 
Shull in Botanical Gazette, September, 1911. 
Dr. Shull, as might be expected, tears up and 
scatters to the four winds the treatment. of 
Mendelism, but says that it lacks “the defi- 
niteness and accuracy which characterizes the 
rest of the book,” and again “It seems un- 
fortunate that a book otherwise so admirable 
should propagate such definitions as these.” 

I should have had something to say on this 
matter earlier, but for the fact that Ginn and 
Company’s agent, visiting me here, gave me 
to understand that the edition would be with- 
drawn and a corrected one substituted. After 
a time, suspecting that this was not being 
done I wrote to the publishers direct and was 
told (August 21, 1911) that “no revision of 
it has been called for or made.” A later letter 
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(September 4) stated that it was Professor 
Davenport’s intention to make some changes 
and corrections which my earlier letters to the 
publishers had suggested. There is no indica- 
tion whatever of any intention to withdraw 
the edition now on sale. 

Other instances could readily be cited to 
show that vigilance is the price of accurate 
text-books. I will mention only one that came 
before me quite recently. Two books arrived 
in the same package from the American Book 
Company. One is Hunter’s “ Essentials of 
Biology,” the other Sharpe’s “ Laboratory 
Manual for the Solution of Problems in Biol- 
ogy.” The authors both teach in the De Witt 
Clinton High School. Hunter (p. 44) refers 
to the composite “ flower cluster, so often mis- 
taken for a single flower”; Sharpe (explana- 
tion to figure 6) does so mistake it, the legend 
reading “Curve of variation in number of 
petals of ox-eye daisy. . . . Number of petals 
to a flower on line ac.” 


T. D. A. CocKERELL 
UNIVERSITY OF COLORADO 


“aIR IN THE DEPTHS OF THE OCEAN ” 


To tHe Epiror or Science: In a recent 
number (August 25) an explanation is offered 
by Carl Hering as to the supply of dissolved 
oxygen, necessary for the respiration of fishes, 
even at great depths in the ocean. The sug- 
gestion is that the solubility of oxygen in 
water, being proportional to the pressure, is 
much greater at considerable depths than at 
the surface, and therefore the dissolved oxygen 
diffuses readily downwards. 

There is surely a confusion of ideas here 
regarding pressure. The pressure to which 
the solubility of oxygen is proportional is the 
(partial) gas pressure of oxygen; the great 
pressure in the ocean depths is hydrostatic, 
which has but a very slight effect on the solu- 
bility of a gas. 

The solubility of oxygen, therefore, does not 
appreciably increase towards the bottom of the 
sea, but the ordinary process of diffusion from 
the saturated surface layers may well provide 
adequate oxygen even at the greatest depths, 
in view of its uninterrupted action and the 
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length of time during which it has been in 
operation. 

I have delayed submitting this note in the 
expectation that others would be as ready to 
convey information regarding air in water as 
they have been concerning water in air! 

Percy Norton Evans 

LAFAYETTE, INDIANA, 

September 18, 1911 


THE INFLUENCE OF HEREDITY AND OF ENVIRON- 
MENT IN DETERMINING THE COAT COLORS 
IN MICE 


Proressor T. H. Moraan,’ in an interesting 
paper, has lately published the results of his 
breeding experiments with mice. Among 
other questions he considers certain curious 
coat patterns on black animals resulting from 
a black & chocolate (brown) cross. 

Such coat patterns, which appear to consist 
of well-defined regions of light and dark hair, 
he considers due to heterozygosis between the 
black and brown coat colors. P 

That such patterns are not due to hetero- 
zygosis of black and brown is, I believe, shown 
by the following three facts which I have been 
able to record: 

1. That in mice, brown (chocolate) animals 
may possess these coat patterns while changing 
coats. These animals are by experiment 
proved to be free of all black pigment. 

2. That in rabbits, black animals may show 
these coat patterns with extraordinary clear- 
ness. There is no brown (chocolate) rabbit 
recorded. 

3. That the common gray squirrel frequently 
shows distinct coat patterns of this nature, 
when changing coats. This wild species is 
undoubtedly homozygous for its color pattern. 

Morgan further suggests that these coat 
patterns in mice may be due to heterozygosis 
of intensity and dilution of coat pigmentation. 
This, I think, is disproved by the fact that I 
have obtained clearly defined patterns on the 
coats of dilute pink-eyed brown (chocolate) 
mice. These animals are the lowest recessives 
in the series of colored mice. They have been 
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found, by experiments, to lack the ability to 
produce black pigment, intensity of coat pig- 
mentation and dark eyes. 

It would seem then that the coat patterns 
recorded by Morgan as well as those men- 
tioned above are the result of physiological 
conditions of the animals incidental to the 
coat-changing period, and that they can not 
be considered of any value as indicating the 
gametic composition of the animal on which 


they appear. C. C. LittLe 
Bussey INSTITUTION, 
HARVARD UNIVERSITY, 
October 5, 1911 


QUOTATIONS 


CONGRESS OF THE UNIVERSITIES OF THE BRITISH 
EMPIRE 


A FURTHER meeting of the vice-chancellors 
of the home universities who constitute the 
Home Committee to make arrangements for 
the Congress of the Universities of the Em- 
pire, which is to be held in London next year 
on July 2, 3, 4 and 5, was held recently at the 
University of London under the chairman- 
ship of Sir William Collins, vice-chancellor 
of that university. The meeting was also at- 
tended by Sir Charles Lucas, head of the 
Dominions Department of the Colonial Office ; 
Sir Theodore Morison, a member of the Coun- 
cil of India; and Dr. Heath, of the Board of 
Education. In November last year an invita- 
tion was extended to the fifty-one universi- 
ties in the British Empire to send representa- 
tives to the congress, accompanied by an inti- 
mation that the topics to be considered would 
fall under the following heads, but inviting 
suggestions: (1) University organization; 
(2) universities in their relation to teachers 
and undergraduate students; (3) universities 
in their relation to post-graduate and re- 
search work; and (4) universities in their 
relation to schools and to agencies for higher 
education. At the recent meeting the sug- 
gestions received from oversea universities 
were considered, and Dr. R. D. Roberts, secre- 
tary to the congress, made a report upon a 
preliminary conference of representatives of 
the Canadian universities, held at Montreal 
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last summer, which he had attended. The 
congress, which was summoned by the Prin- 
cipals of McGill University and the University 
of Toronto, was attended by representatives of 
fifteen of the nineteen universities in the Do- 
minion. The representatives of the universi- 
ties of Alberta and Manitoba were prevented 
from attending at the last moment, and only 
two of the smallest universities failed to ac- 
cept the invitation. Dr. Roberts reported that 
in addressing the Canadian conference he had 
instanced, as a few of the questions which 
seemed to be demanding attention, the follow- 
ing: The first was whether any common 
understanding was possible among the univer- 
sities of the empire as to the extent to which 
they could recognize each other’s entrance 
examinations; another was the desirability of 
increased facilities for post-graduate study; 
a third, the possibility of some plan for inter- 
change of professors; a fourth, what could be 
done by universities in regard to the after- 
careers of their students. There was, further, 
the whole question of the financial support 
given from public sources to universities in 
the British Empire, as compared with the pro- 
vision for university education made in other 
countries. There was finally the suggestion, 
made by Principal Peterson and others, that 
a central bureau should be formed to furnish 
information to the universities of the empire 
upon these and other questions. The princi- 
pal of Toronto University reported that it had 
appointed a committee which was carefully 
considering the list of subjects which should 
be brought before the congress, and the con- 
ference finally decided to appoint three com- 
mittees, one for the western provinces, 
another for the maritime, and a third for the 
central provinces. In conclusion Dr. Roberts 
stated that from conversations with the heads 
and professors of universities in the eastern 
parts of Canada, which alone he had leisure 
to visit, he had formed the impression that the 
question of enlarged facilities for post-gradu- 
ate study was regarded as of prime impor- 
tance from the Canadian point of view. The 
University of Sydney has appointed Earl 
Beauchamp, formerly visitor of the univer- 
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sity; Professor Anderson Stuart, dean of the 
faculty of medicine; Professor Warren, dean 
of the faculty of engineering, and Mr. H. E. 
Bartff, registrar, as delegates to represent it at 
the congress next year. The Home Com- 
mittee has appointed a subcommittee to draw 
up a detailed program for the consideration 
of a meeting of the full committee on Novem- 
ber 4. Inquiries with regard to the congress 
should be addressed to Dr. R. D. Roberts, at 
the Congress Office, University of London, 
South Kensington, London, S. W.—British 
Medical Journal. 


TECHNICAL JUDGES 


JUDGES continue to protest against the ab- 
surdity of their being called upon to pass 
upon highly technical and scientific ques- 
tions. Thus Judge Hand, in the course of an 
opinion which he rendered in a case involv- 
ing patents in the manufacture of chemicals, 
took occasion to remark: 

“T can not stop without calling attention to 
the extraordinary condition of the law which 
makes it possible for a man without any 
knowledge of even the rudiments of chemis- 
try to pass upon such questions as these... . 
In Germany they do quite differently. There 
the courts summon technical judges to whom 
technical questions are submitted and who can 
independently pass upon the issues without 
blindly groping among testimony wholly out 
of their ken. How long we shall continue to 
blunder along without the aid of unpartisan 
and authoritative scientific assistance in the 
administration of justice, no one knows, but 
all fair persons not conventionalized by pro- 
vincial legal habits of mind ought, I should 
think, to unite to effect some such advances.” 

The need of such a reform as Judge Hand 
here urges has often been argued. We should 
not forget, however, that it is possible to meet 
the difficulty, in part at least, by extra-judicial 
means. In point is the plan favored by the 
New York Chamber of Commerce for settling 
commercial disputes by arbitrators selected 
from an official list. This plan provides for 
the disposal of technical questions arising in 
business by men peculiarly qualified by rea- 
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son of their experience. As the list covers 
men in all lines of business and industry, it 
is no longer absolutely necessary to submit 
such questions to untrained jurors, or to 
judges without special fitness to pronounce 
upon them.—New York Evening Post. 


SCIENTIFIC BOOKS 


Life and Scientific Work of Peter Guthrie 
Tait. By Dr. C. G. Knorr. Cambridge 
University Press. 1911. 

The volume before us supplements the two 
volumes of “ Scientific Papers” published by 
the same press in 1898 and 1900, under the 
supervision of Tait himself. For the prepa- 
ration of this volume Professor Knott was 
well qualified, having been a pupil, colleague 
and friend of Tait; and he has made excellent 
use of the material placed at his disposal, 
giving full and interesting information about 
the relations of Tait to the other great mathe- 
maticians and physicists of his time. 

The author does not follow the chronolog- 
ical order, but divides his material with some 
logical redundance as follows: Chapter L., 
Memoir; II, Experimental Work; IIL, 
Mathematical Work; IV., Quaternions; V., 
Thomson and Tait’s Natural Philosophy; VI., 
Other Books; VII., Addresses, Reviews and 
Correspondence; VIII., Popular Scientific 
Articles. Appended is a bibliography of 
Tait’s writings. 

In his early years Tait became enamored of 
pure science, and he clung to that ideal 
throughout life. He was a very brilliant 
pupil at the Edinburgh Academy, where he 
had Maxwell for schoolmate and _ special 
friend; he did not, like Maxwell, study at the 
University of Edinburgh, but went straight to 
the University of Cambridge, where he grad- 
uated as senior wrangler; he was for six 
years professor of mathematics at Belfast, 
and for forty years professor of natural phi- 
losophy at Edinburgh. His manner of life 
at Edinburgh was simple. During the winter 
term he was much occupied with lecturing, in 
which he was singularly clear and inspiring; 
during the summer term he devoted much 
time to experimental investigation in the lab- 
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oratory; the long and the short vacations he 
spent at St. Andrews, where there is a famous 
golfing course; both summer and winter it 
was his custom to work to late hours in his 
library. 

One of the most elegant of Tait’s investi- 
gations, combining mathematical, experi- 
mental and technical skill, dealt with the 
phenomena of golf. I remember that when I 
was an instructor in the laboratory, American 
students used to describe the curves of a base- 
ball and ask for the explanation; I doubt 
whether Professor Tait at that time could 
give an adequate explanation. But it is dif- 
ferent now; his investigation of the path of 
the golf ball applies also to the phenomena of 
baseball and of tennis, and is full of interest 
to scientific players. 

Tait’s greatest contribution to mathe- 
matical analysis undoubtedly consists in his 
advocacy and development of the quaternion 
method invented by Hamilton. At the time 
when Hamilton was about to publish his 
“ Lectures on Quaternions,” his friend De 
Morgan suggested the names of a very few 
mathematicians on whom a presentation copy 
would not be thrown away; one of these was 
Professor Thomson, afterwards Lord Kelvin. 
Doubless the advice was acted on, but for some 
reason Thomson formed an _ unfavorable 
opinion, to which with his characteristic 
tenacity he clung ever afterwards. On the 
other hand, Tait, having just graduated, was 
curious enough to buy a copy, and on perusal 
became convinced that the method contained 
possibilities of highly useful application to 
mathematical physics. It was through Tait 
that Maxwell became an earnest student, and 
it is evident from the correspondence here 
printed that Maxwell was one of the first 
vector-analysts. The book before us throws 
much light on the relations of these three 
great Scotsmen to one another, and on the 
relation of Tait to Hamilton. 

The fifth chapter gives authentic informa- 
tion about the preparation of the celebrated 
“ Treatise on Natural Philosophy.” The idea 
was due to Tait, and some advance in its 
realization had been made before Thomson 
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entered as partner. The plan then adopted con- 
templated four volumes, two to be written by 
each. Tait speedily wrote the first volume, 
and had the great benefit of Thomson’s advice 
and revision; but Thomson did not immedi- 
ately tackle the labor of writing the second 
volume, and after some years it was impos- 
sible for him to sit down to such a task on 
account of the other exacting labors which 
he had undertaken, As one of his most dis- 
tinguished pupils said, Thomson was no 
writer of text-books. In consequence the 
other three volumes were never written. I be- 
lieve that Thomson was to have written on 
Electricity and Magnetism, and Tait on 
Heat and Light. When a second edition of 
the first volume was called for the matter was 
extended into two separate parts, mainly from 
additions contributed by Thomson. 

The remaining chapters show that Tait 
wielded the pen of a ready writer. His li- 
brary was largely his workshop. Like Max- 
well, he could turn out good verses. Much 
that he wrote was controversial in nature; 
and, being apt to take an extreme view, he was 
sometimes wanting in logical consistency. 
All the same, he was one of the very great 
mathematical physicists of the Victorian age; 
and the ultimate verdict of the future will, I 
believe, place him second only to Maxwell. 

ALEXANDER MACFARLANE 

CHATHAM, ONTARIO, 

CANADA 


Chemistry of Food and Nutrition. By Henry 
©. SuHerMan, Ph.D., Professor in Columbia 
University. New York, The Macmillan Co. 
Pp. viii + 355. 1911. Price $1.50. 

In the preface to this volume the author 
makes the following statement: “The pres- 
ent work is the outgrowth of several years’ 
experience in teaching the subject to col- 
legiate and technical students who have rep- 
resented a considerable diversity of previous 
training and points of view, and, while pub- 
lished primarily to meet the needs of the au- 
thor’s classes, it is hoped that it may also be 
of service to students and teachers elsewhere 
and to general readers whose main interests 
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may lie in other fields but who appreciate the 
importance of food and nutrition as factors 
in hygiene and preventive medicine.” The 
clear, thorough, modern and unbiased pre- 
sentation of the fundamental facts and 
theories of nutrition, given in this text-book, 
should give it a necessary and permanently 
useful place in the instructional work of our 
American universities, and should also make 
it a valuable and convenient source of infor- 
mation to the general reader desiring accurate 
knowledge in this important and vital sub- 
ject. This text might well be extensively 
used in our agricultural colleges as a prere- 
quisite for the courses in animal nutrition 
that are as yet often inadequately taught to 
students in agricultural courses, 

The eleven chapters of this book are de- 
voted to the following subjects: the organic 
foodstuffs, the general composition of foods 
and action of ferments, the course of the food 
through the digestive tract, the fate of the 
foodstuffs in metabolism, the fuel value of 
food and the energy requirement of the body, 
éonditions affecting the total food require- 
ments, protein metabolism and the protein 
requirement, food habits and dietary stand- 
ards, iron in food and its functions in nutri- 
tion, inorganic foodstuffs and the mineral 
metabolism, and criteria of nutritive value 
and economy of foods. The appendix contains 
tables showing (a) the edible organic nutri- 
ents and fuel value of foods, together with the 
weight in grams of the portion which would 
supply 100 calories; (b) the ash constituents 
of foods in percentage of the edible portion; 
and (c) the ash constituents of foods in grams 
per 100 calories of edible food material. The 
complete index to the text will materially aid 
the reader in finding what he wants, and the 
numerous references to the original literature 
will enable the advanced student to acquire a 
first-hand knowledge of the facts and theories 
of the science of nutrition. 

The subject matter given in the chapters 
entitled the fuel value of food and the energy 
requirement of the body, conditions affecting 
the total food requirements, protein metab- 
olism and the protein requirement, food hab- 


/ 
\ 


OcToBER 27, 1911] 


its and dietary standards, inorganic food- 
stuffs and the mineral metabolism, and cri- 
teria of nutritive value and economy of foods, 
is of the greatest importance, and the reviewer 
believes that the views presented are in the 
main fundamentally sound, and that they will 
have an important influence in assisting the 
advanced student and investigator in arriv- 
ing at correct conclusions upon these ques- 
tions of nutrition. 


H. S. Grinpiey 


UNIVERSITY OF ILLINOIS 


Zoologisches Addressbuch. Namen und Adres- 
sen der lebenden Zoologen, Anatomen, 
Physiologen und Zoopaleontologen sowie 
der kiinstlerischen und technischen Hiilfs- 
krifte. Herausgegeben auf Veranlassung 
der Deutschen Zoologischen Gessellschaft. 
2 vollstindig und _ bearbeitete Ausgabe. 
Berlin: R. F. Friedlander & Sohn. 1911. 
Pp. 1109. M. 15. 

Biologists throughout the world are greatly 
indebted to the German Society of Zoologists 
and to the enterprising firm of Friedlander & 
Sohn in Berlin for this very substantial aid to 
research. The first edition of this zoological 
directory was issued in 1895, and a supple- 
mentary volume in 1901. The decade that has 
passed since the last supplement was pub- 
lished has brought many changes in the per- 
sonnel, distribution and lines of interest of 
the biological contingent of the scholarly 
world, so that this new edition is particularly 
welcome at the present time. The work gives 
the correct address, official or educational con- 
nections and specialty of nearly 17,000 per- 
sons having professional or sufficient amateur 
interests in some field of biology to justify 
their inclusion in a list of zoologists. The 
names of a few of the leading booksellers, 
dealers in animals, and supply houses are in- 
cluded, but this element is far from complete. 
The lists also include, as before, the titles of 
the various natural history societies, mu- 
Seums, academies, ete., with official address, 
name and address of the secretary, and titles 
of serial publications with the date of the ini- 
tial volume, a feature of great value to librari- 
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ans, bibliographers and to the exchange service 
of scientific organizations conducting publica- 
tions. 

A new feature in the present volume is the 
inclusion of the addresses of all the various 
European organizations for bird protection, 
and of the local clubs of entomologists, or- 
nithologists, and other amateur organizations 
of naturalists. In Berlin, for example, we 
find the “ Hertha,” “ Nymphexa alba” and 
“Triton” Vereine fiir Aquarien- und Ter- 
rarienkunde, each with its stated hotel or 
restaurant where its social gatherings are 
held. The abundance of such organizations 
in Germany and Great Britain stands in 
noticeable contrast to their rarity in our own 
country. This contrast is, in a manner, an 
index of the smaller interest taken in this 
country in the study of animals, as a result 
possibly of the absence of instruction in nat- 
ural history in our secondary schools and uni- 
versities and of the predominance of the com- 
mercial spirit. 

As an original document in the history of 
the biological sciences this volume is of par- 
ticular interest as it marks (in a unique fash- 
ion) the progress of the growth of interest 
throughout the world in biological matters. 
The edition of 1895 contained about 12,000 
names as over against the 17,000 of the pres- 
ent one. The supplementary volume of 1901 
is too incomplete for comparison. 

The work is international in scope and the 
growth here indicated is shared by all nations, 
though somewhat unequally. The increase in 
names is approximately fifty per cent. in the 
past fifteen years. The greatest gains, com- 
puted on the basis of pages devoted to the 
countries in question in the editions of 1895 
and 1911, have been made in those countries 
which were in the lead in the earlier years. 
Thus, for example, Germany makes a gain of 
128 per cent., Great Britain, the United 
States, Austria, Switzerland, exhibit gains of 
80 to 90 per cent., while Russia, Belgia, Den- 
mark and Canada show even larger growth, 
100 to 110 per cent., and Japan the unsur- 
passed record of 170 per cent. The Latin 
countries have smaller increments to their 
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credit: Italy, 58 per cent., Spain, 40 per cent., 
France but 20 per cent., Mexico, 33 per cent. 
and South America, 31 per cent. India, 
China and Africa all make creditable gains, 
but Australasia appears to be at a standstill. 

The changed political conditions in Europe 
are reflected in the fact that Turkey appears 
in the list for the first time and in the consid- 
erable gains in the Balkan states. On the 
other hand, the inroads of despotism are evi- 
dent in the significant entry “ Suspend,” after 
not a few noted and promising names in the 
official staffs of the Russian universities. 

It is inevitable that omissions, errors and 
inequalities of standard will creep into such 
a work, where the editor so necessarily is de- 
pendent upon voluntary assistance. The 
American section seems especially to have 
needed critical revision, for it contains nu- 
merous antiquated entries, inequalities in 
representation, and some positive errors. The 
Rockefeller Institute is, for example, credited 
to Chicago! One also misses in this new edi- 
tion, the very helpful subject index of special- 
ists of the earlier editions. The size of the 
volume would have been somewhat increased 
thereby, but the increased cost would have been 
more than compensated for by the greater use- 
fulness of the work to the specialist seeking 
the names of his fellow-workers. The citation 
of specialty in connection with the alphabet- 
ical index of names would be a welcome addi- 
tion to the work. In spite of these minor de- 
fects, however, the work will be exceedingly 
useful to every biologist and naturalist who 
seeks information regarding the organization 
and personnel of the various departments of 
the biological sciences throughout the learned 
world. 


CuarLtes Atwoop Koromw 
UNIVERSITY OF CALIFORNIA 


THE PRIBILOF FUR SEAL HERD AND THE 
PROSPECTS FOR ITS INCREASE?! 
AFTER more than twenty years of active 
operation, the pelagic sealing industry has 
been brought to an end, as the result of a 


* Read at the forty-first annual meeting of the 
American Fisheries Society, October 3, 1911. 
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convention which has been signed by represen- 
tatives of the United States, Great Britain, 
Russia and Japan, and ratified by the Senate 
of the United States. 

The contracting parties have agreed to pro- 
hibit their vessels from engaging in pelagic 
sealing and to close their ports against all 
vessels connected in any way with the opera- 
tions of pelagic sealing. It is not necessary 
in this connection to go into the details of the 
seventeen articles of the convention, which is 
to continue in force for a period of fifteen 
years from December 15, 1911. 

The total loss of seals from the North 
Pacific herds through pelagic sealing since its 
inception may be placed at about three mil- 
lions. As a large proportion of this catch 
consisted of females, the disastrous effect upon 
the breeding stock of the Pribilof and Com- 
mander Islands will be readily appreciated. 

The fur-seal industry, both at sea and on 
land, was for many years the subject of almost 
continuous international controversy, and the 
Pribilof herd especially has been studied long 
and carefully by commissions selected chiefly 
from the ranks of British and American nat- 
uralists. 

The facts respecting the fur seal’s habits, 
migrations, food, breeding, growth, age, num- 
bers, anatomy, enemies, etc., etc., as arrived at 
by the commissions appointed to study the 
subject in general, afloat and ashore, can not 
reasonably be questioned. They are based 
upon prolonged inquiry by representatives of 
the two countries most interested, and have 
been mutually accepted only after the keenest 
possible criticism from both sides. 

The natural history of the fur seal is now 
better understood in detail than that of any 
other wild mammal. These investigations, 
commenced about twenty years ago, have 
yielded much new information, and, with the 
cessation of pelagic sealing, we are now ready 
to apply scientific methods to the rehabilita- 
tion of the small herd remaining on the Pribi- 
lofs with full confidence as to the result. 

The polygamous habit of the fur seal is the 
principal fact with which we have to deal in 
considering any scheme of management of 
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this animal upon its natural breeding grounds. 
Each mature male controls from 1 to 100 
females, the average number of females in the 
harems, into which the rookeries are divided 
being about thirty. The surplus of male seals 
naturally resulting from the polygamous na- 
ture of the fur seal is large, and the most of 
it has always been available for commercial 
purposes. 

The male seals are thus of two distinct 
classes: the adults in possession of the breed- 
ing grounds, and the immature males located 
entirely away from such grounds. The latter 
do not acquire the size and courage to fight 
their way among the large breeding animals 
until about seven years old, although other- 
wise mature at the age of four years. 

During the breeding season the mature 
males are in possession of the harems, where 
they maintain their positions by sheer fighting 
ability. Their courage is such that they do 
not give way even before men armed with 
heavy clubs, and it is dangerous for men to 
attempt to enter the rookeries at this time. 
When the males seize each other with their 
powerful jaws they frequently tear rents in 
their thick hides. In a quarrel for the posses- 
sion of a female, the latter may be frightfully 
lacerated, and is sometimes killed. Fighting 
may be seen anywhere in the rookeries and 
many of the very young seals are trampled to 
death. 

The destruction of young through the fight- 
ing of the bulls is of serious extent even when 
large numbers of surplus males are annually 
killed for marketable skins. It must have 
been vastly more serious, prior to the utiliza- 
tion of seal skins by man. 

It is the belief of naturalists who have 
studied the fur seal on its native islands that 
the furious fighting of the males upon the 
breeding grounds actually constituted nature’s 
check to the unlimited increase of the race. 
It could have been nothing else, although the 
worm parasite (Uncinaria) of the sand areas 
must be considered to some extent in this con- 
nection. 

Prior to the discovery of the Pribilofs the 
breeding grounds were undoubtedly overflowed 


at times by such hords of mature males that 
an important proportion of the young of the 
year, and many adult females, were destroyed. 

There can be no doubt that the annual re- 
duction of the male surplus for commercial 
purposes since the discovery of the islands has 
greatly lessened the breeding-time turmoil of 
the rookeries, and that proportionately larger 
numbers of young survive the perils of in- 
fancy. 

Now that pelagic sealing, so wasteful of the 
adult female life, has been suppressed, we may 
expect an annual expansion of our shrunken 
breeding grounds. 

The male stock on the islands should be 
watched with care and its numbers kept within 
safe bounds. A sudden increase of fighting 
males in the rookeries at a time when the 
stock of females has reached the lowest limit 
in the history of the island would greatly 
endanger the newly born young. 

Here we may take up a matter of impor- 
tance to this society. A resolution was intro- 
duced in the House of Representatives on 
August 12 to provide for the suspension of all 
seal killing on the Pribilofs for a period of 
fifteen years. This resolution may come up 
for consideration when Congress convenes. 
Its passage would be unwise in many ways, 
but chiefly in the danger of a rapid increase 
in fighting male seals which it would bring 
about. While a cessation of land killing for a 
season or two might cause no serious trouble, 
the fifteen-year period specified is not only too 
long, but positively dangerous, as the Bureau 
of Fisheries would be powerless to apply the 
necessary remedy for the evil of overcrowding 
by males when it becomes serious. 

The criticism of the administration of the 
seal islands which called forth the above 
resolution of August 12, 1911, was made by 
men who have not been on the islands for 
twenty years and who can not appreciate the 
recent detailed investigations. Severe criti- 
cisms have also been made by men who have 
not been there at all, and whose opinions upon 
the subject are of little value. 

Plans have been considered for reducing the 
loss through the hook-worm Uncinaria. The 
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breeding grounds of the Pribilofs are located 
largely upon rocky ground or upon firm soil 
and have sufficient slope as a rule to prevent 
the accumulation of sand. There are small 
sand patches within the limits of several rook- 
eries which are infested with the parasite Un- 
cinaria. This hook-worm is one of the con- 
tributing causes to heavy annual losses among 
the young seals born on sandy areas. The 
Uncinaria parasite was doubtless a greater 
source of danger in former years than at pres- 
ent. It was, like the fighting of the males, a 
natural check upon the unlimited expansion 
of the seal herd, but not so potent. The 
topography of some of the rookeries is such 
that an extension of their limits would force 
the breeding females to occupy unfavorable 
sandy areas. This source of danger to young 
seals can be eliminated, if sandy ground is 
covered with rock, or fenced in so that breed- 
ing seals can not occupy it. 

In conclusion it may be stated that with 
our present knowledge of the life history of 
the fur seal, there is no reason why our valu- 
able herd should not only rapidly increase in 
size, but, under wise management, actually 
exceed in numbers the great herd occupying 
the Pribilof Islands at the time of their dis- 
covery. 

The principal thing in the management of 
the rookeries will, however, be the limiting of 
the number of the adult males allowed to enter 
the rookeries. 

Notwithstanding the fact that during recent 
years a very large proportion of the surplus 
males has been killed for profit, our annual 
photographic records show that there has al- 
ways been, with the exception of one or two 
seasons, a sufficient surplus of idle males adja- 
cent to each rookery. Such animals force 
their way in as soon as they acquire the weight 
and the courage necessary for them to do so. 
All claims that we have killed too many of 
the surplus males can easily be disproved by 
the photographic records of the Bureau of 
Fisheries. 

C. H. Townsenp, 
Member of the Advisory Board 
of the Fur Seal Service 
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BOTANICAL NOTES 


FURTHER STUDIES OF THE COCONUT 

In a recent paper’ O. F. Cook publishes the 
results of his further studies of the coconut. 
It will be remembered that some years ago he 
published his first considerable paper on this 
tree, in which he showed among other things 
that the name is coconut, as spelled above, and 
not cocoanut, the dictionary makers to the 
contrary, notwithstanding. The particular 
purpose of the present paper appears to be to 
prove the American origin of this tree, and 
this the author seems to have done most con- 
clusively. The conclusions may’ be sum- 
marized as follows: 

All palms that are related to the coconut 
(about 200 species, of 20 genera) are Ameri- 
can, with possibly one exception. All species 
of the genus Cocos are South American. The 
most nearly related species are natives of the 
interior valleys and plateaus of the Andes, 
where the coconut also thrives, remote from 
the sea. Neither structure nor habits of the 
coconut tree indicate that it originated on the 
seacoast. Moreover, it is not able to maintain 
itself under littoral conditions without the 
assistance of man, and is always crowded out 
by other vegetation after human care is with- 
drawn. 

“The dissemination of the coco palm along 
tropical coasts is to be ascribed to primitive 
man.” “The theory that it has been dissemi- 
nated by ocean currents is gratuitous, un- 
proved and improbable.” The long-accepted 
theory as to the essentially littoral habitat of 
the coconut must be abandoned in favor of 
one quite the opposite. “ The unusually large, 
heavy seed and the thick, fibrous husk are to 
be considered as adaptations for protecting 
the embryo, assisting in germination, and es- 
tablishing the young plants in the dry 
climates of interior localities, the only con- 
ditions where this palm could be expected to 
maintain its existence in a wild state.” 


“ PECK’S REPORTS ” 
AnoTueR of the well-known reports of the 
state botanist of New York came to hand 2 


*Contrib. U. S. National Herbarium, Vol. 14, 
Pt. 2. 
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few days ago, adding one more to the long 
series, now more than forty, that Professor 
Peck has prepared. One can not help a feel- 
ing of admiration for the regularity with 
which these reports have appeared, each with 
its contribution of “ plants added to the her- 
barium,” “contributors and their contribu- 
tions,” “species not before reported,” “new 
species and varieties,” etc. When the writer 
of this notice was a young college instructor 
“Peck’s Reports” were for him a source of 
help and inspiration, as he strove laboriously 
and painfully to know something of the fun- 
gus flora of the middle west. Do the young 
mycologists of to-day prize these New York 
State Museum reports as much as did those 
of the 70’s and early 80’s? The present re- 
port contains a monograph of the New York 
species of the genus Hypholoma, and a simi- 
lar monograph of the genus Psathyra. Four 
good colored plates of the larger fungi are in- 
cluded, two being of edible species. 


THE FORESTS OF THE PHILIPPINES 


A Most promising beginning has been made 
in our knowledge of the forests of the Philip- 
pine Islands in the report made by Dr. H. N. 
Whitford, to the Director of Forestry, Major 
George P. Ahern, and issued as Bulletin 10 
of the Philippine Bureau of Forestry (1911). 
It consists of two parts, separately printed, 
as Part I., devoted to Forest Types and Prod- 
ucts, and Part II., The Principal Forest 
Trees, each of about one hundred pages. In 
his introduction the author says, “ The object 
of this bulletin is to bring together the most 
important facts concerning the forests of the 
Philippines and the exploitation of their 
products.” Rough reconnaissance work on a 
large scale, and rough cruising over large 
areas, with intensive valuation surveys over 
certain small selected stands have afforded 
the data upon which the report is based. The 
author feels that his results are conservative 
and fairly reliable. 

The family of plants of the greatest im- 
portance in its growth of trees is the Diptero- 
carpaceae, and “ it is estimated that the dip- 
terocarps include about 144,000,000,000 out of 
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a total of 200,000,000,000 board feet of stand- 
ing timber in the islands.” When we remem- 
ber that the number of species of trees of all 
kinds on the islands is placed at about 2,500, 
the significance of this dominance of the dip- 
terocarps may be appreciated. It is thought 
that not all of the species of dipterocarps have 
been described. The trees of many of the 
species are small, the author citing one case 
where he collected 80 different species on one 
acre, and of them but two species attained to 
“merchantable size.” 

It is interesting botanically to learn that 
“more or less ill-defined rings of growth are 
associated with those species that are wholly 
or partly deciduous and which are intolerant 
of shade.” 

In one paragraph he says “there is little 
question that practically the entire land area 
of the Philippines, from sea level to the high- 
est mountains, was originally covered with 
unbroken forest growth of some kind,” and it 
is estimated that approximately one third of 
the area is still covered with virgin forests 
that have never been disturbed. About one 
sixth of the area has grown up to second- 
growth forests, making a total of fully one 
half of the area of the islands in forests. Of 
the other half probably 10 per cent. of the 
whole area is under cultivation, the remainder 
(40 per cent. of the whole) is now in grass 
lands. These grass lands are kept so by re- 
peated fires which kill all seedlings of woody 
species, much as occurs upon our own prairies, 

Speaking of the dipterocarps the author 
says that “ practically all the species are large 
trees, reaching heights of 40 to 50 meters, and 
diameters of 100 to 150 centimeters or more, 
and it is not rare to find even these dimen- 
sions exceeded. They have straight, regular 
poles, resembling in size and shape the Lirio- 
dendron tulipiferum (yellow poplar or tulip 
tree) of the United States.” 

Many good plates (over 130) and a good 
map of the islands add greatly to the useful- 
ness of the report. Every botanist who has 
any interest whatever in forestry will wish to 
add this report to his library. 
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PLANT PROTECTION 

Recentiy there came to hand a little book 
by Sorauer and Rérig under the title 
“ Pflanzenschutz,” which should be duplicated 
in this country. In about 200 pages the au- 
thors tell how to recognize and combat vari- 
ous injurious fungi and insects of commonly 
grown plants. Fifty-eight text figures and 
seven colored plates add to the usefulness of 
the book for farmers and non-technical read- 
ers. The book was issued by the German 
Agricultural Society, which is a hint to our 
similar societies. 


SHORT NOTES 


AmoneG recent small books worthy of note is 
Geddes and Thompson’s “ Evolution” (Holt), 
which presents in about 250 duodecimo pages 
a summary of the great features of the doc- 
trine of descent. An enumeration of the 
chapter headings will suffice to give the reader 
a good idea of the scope of the little book. 
These are (1) Evidences of Evolution from 
Explorer and Palaeontologist; (2) Evidences 
of Evolution from Anatomist, Embryologist 
and Physiologist; (3) Great Steps in Evolu- 
tion; (4) Variation and Heredity; (5) Selec- 
tion; (6) Organism, Function and Environ- 
ment; (7) Evolution theories in their Social 
Origins and Inter-Actions; (8) The Evolu- 
tion Process Once more Reinterpreted; Bibli- 
ography. 


Mrs. Frynn’s “Flora of Burlington and 
Vicinity ” will interest field botanists of the 
older type. It includes the names of all the 
vascular plants in the vicinity of Burlington, 
Vermont, and is based upon specimens in the 
herbarium of the University of Vermont. The 
seventh edition of Gray’s Manual is strictly 
followed in matters of nomenclature. The 
species admitted are 1,240, of which 962 are 
strictly native, while 278 are foreign, but 
“growing without cultivation.” While dis- 
tinctly old-fashioned, and not at all tinctured 
with any ecological fads, the list will be a 
handy one for botanists who wish to know 
what species occur in the area covered. 
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Amone recent papers on Philippine botany 
are ©. B. Robinson’s monograph of Philippine 
Urticaceae, which appeared in the December 
(1910) and February (1911) numbers of the 
Philippine Journal of Science. It covers 
somewhat more than a hundred pages and 
includes generic and specific keys, with Latin 
diagnoses of the new species. The total num- 
ber of species included is stated to be 129, 
distributed among 21 genera. 


In the June number of the Philippine Jour- 
nal of Science C. B. Robinson contributes a 
most interesting paper on “ Philippine Hats,” 
dealing primarily with the materials used, and 
secondarily with their manufacture. The 
plants used include three ferns (species of 
Lygodium), eight species of Pandanus, five 
species of grasses, two sedges, six or more 
species of palms, and one species each of 
Musaceae, Marantaceae, Orchidaceae, Mo- 
raceae, Leguminosae, Sterculiaceae and two 
of Cucurbitaceae. 


In the same number of the Journal EF, B. 
Copeland makes a report upon a collection of 
Papuan ferns received from Reverend Copland 
King, of Ambasi, Papua. All told they num- 
ber 171 species, representing 58 genera. Two 
new species of Marattia are described. The 
genera with considerable numbers of species 
are: Lygodium (7), Trichomanes (11), Hy- 
menophyllum (6), Dryopteris (16), Tectaria 
(8), Athyrium (7), Asplenium (12), Pteris 
(7), Polypodium (16). Forty-two new species 
are described, and three new genera, all very 
properly with Latin diagnoses, in accordance 
with the Vienna Code. 


Arter a careful study of the testimony 
Professor Dr. D. H. Campbell concludes (Am. 
Nat., January, 1911) “that graft-hybrids are 
possible.” He bases his conclusions largely 
upon the results reached by Professor Winkler 
of Tubingen. It appears that when two plants 
of different species are mechanically united, 
as in grafting, this may result in & 
“chimaera” (as though two vertical frag- 
ments of the different stems with their leaves 
were united longitudinally), or in a real 
hybrid arising from a fusion of two somatic 
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cells derived from the two distinct species. 
Between these two extremes there are many 
intermediate forms. The hybrids arising from 
the fusion of cells behave very much like sex- 
ually produced hybrids, even to the number of 
chromosomes in the hybrid cells. 

Dr. CAMPBELL’s studies of the “ Embryo- 
sac of Pandanus” (Ann. Bot., July, 1911) 
brings out the fact that at the time of fertili- 
zation of the egg there may be present as many 
as 64 antipodal nuclei, in addition to the 
usual egg apparatus at the micropylar end. 
This he regards as a primitive condition, or 
in other words as an older type of embryo-sac 
which has survived to the present. 

THe new botanical periodical Zeitschrift 
fiir Botanik (Fischer, Jena), now in its third 
year, is proving to be a useful addition to the 
already long list of botanical journals. Its 


editors are Professors Jost (Strassburg), 
Oltmanns (Freiburg) and Solms-Laubach 
(Strassburg). Recent numbers’ contain 


papers as follows: “Contributions to our 
Knowledge of the Laminariaceae” (by Kil- 
lian), “On the Development of Basidia in 
Uninucleate Mycelium of Armillaria mellea” 
(Kniep), “On the Reduction-division in the 
Zygotes of Spirogyra, and of the Significance 
of Synapsis ” (Tréndle) in addition to many 
brief reviews, and classified titles of new 
literature. 
Cartes E. Bessey 
THE UNIVERSITY OF NEBRASKA 


SPECIAL ARTICLES 


PHOSPHORUS METABOLISM DURING EARLY CLEAV- 
AGE OF THE ECHINODERM EGG’ 


In his recent book on artificial partheno- 
genesis Professor Loeb* assumes that during 
cleavage of the ovum there is a progressive 


*I am indebted to the Commissioner of Fish- 
eries, Hon. Geo. M. Bowers, for the facilities 
afforded; and to the director of the Beaufort 
Laboratory, Mr. H. D. Aller, for many personal 
courtesies extended to me during this work. Dr. 
E. P. Lyon has aided me greatly with suggestive 
criticism, 

*Loeb, ‘‘Die chemische Entwicklungs-erregung 
des tierischen Eies,’’ p. 18 ff. Berlin, 1909. 
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synthesis of nuclear material from constitu- 
ents of or reserve substances in the cyto- 
plasm. This assumption is based primarily 
on the observation of Boveri thet following 
each cell-division there is a growth of the 
daughter-chromosomes in each resultant cell 
until their mass is approximately equal in 
each case to that of the original mother- 
chromosomes; in other words, the mass of 
nuclear material increases in a geometric 
ratio as cleavage progresses. The following 
observations are also brought forth by Loeb 
in support of this hypothesis of nuclein 
synthesis: “ Miescher found that the lecithin 
content of the blood of the salmon was rela- 
tively high during spermatogenesis and men- 
tioned the possibility that lecithin might fur- 
nish a building material for the nucleinic 
acid of the spermatozoon head. What is there- 
fore true of the building of nucleinic acid 
in the spermatozoon is assuredly true also 
for the building of nucleinic acid in the egg. 
Hoppe-Seyler has mentioned the fact that all 
young, quickly growing tissues contain rela- 
tively large quantities of lecithin. This is 
especially true in the case of the ovum. The 
researches of Kossel have shown, on the other 
hand, that the yolk of hens’ eggs contains no 
preformed nucleinie acid and the same has 
been shown to be true for the yolk of silk- 
worms’ eggs by Tichomirow. Since there is 
in the egg after fertilization a rapid synthesis 
of nuclear material at the expense of certain 
constituents of the protoplasm or of the yolk, 
since the latter is rich in lecithin which dis- 
appears during nuclein synthesis, it is allow- 
able to suppose that lecithin supplies part of 
the material for the nucleinic acid.” 

It may be pointed out that this supposed 
use of lecithin is not consistent with the idea 
advanced by Overton,” Koch* and others that 
this substance among other lipoids plays an 
important réle in the limiting membranes of 
many animal cells. It would seem indeed 
that as cleavage progresses more rather than 


Héber, ‘‘ Physikalische Chemie der Zelle und 


der Gewebe,’’ p. 114. Leipzig, 1902. 
‘Koch, Zeit. f. Physiol. Chem., B. 63, 8. 442. 
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less lecithin would be required unless one as- 
sumes that this substance functions in more 
than one way in the cell, which is, of course, 
quite possible. With these several possibili- 
ties open it seemed that some method of ex- 
perimental attack could be used; that if the 
idea of nuclein synthesis during cleavage were 
true it should be possible to show as cell-di- 
vision progresses a diminution of alcohol-sol- 
uble phosphorus with a corresponding increase 
of phosphorized material not digestible by 
pepsin. 

Using the eggs of Arhacia punctulata, the 
phosphorus partition in the 2-4 cell stage was 
compared with that in early blastule. Two 
separate experiments are reported. The meth- 
ods used were the same in each; so the only 
difference between them was that in Experi- 
ment II. a smaller mass of eggs was available 
—though the latter fertilized and developed a 
trifle better—than in Experiment I. The de- 
tails follow. 

After removal from the ovaries the eggs 
were washed several times with large quanti- 
ties of filtered sea-water until they settled 
rapidly and left no material suspended in the 
supernatant liquid. They were then sus- 
pended in 2,000 e.c. of sea-water and fertilized 
with a small amount of sperm. The eggs 
were stirred and oxygen allowed to bubble 
through the suspension at short intervals. 
When the first cleavage occurred 1,000 c.c. 
were measured off and allowed to settle. The 
remaining eggs were allowed to divide for five 
hours from the time of fertilization, reaching 
then the early blastula stage. These eggs 
were not allowed to develop to the swimming 
stage because of the probable difficulty of 
separating them from the surrounding sea- 
water without causing cytolysis. 1,000 c.c. 
were taken and from this point were treated 
in precisely the same manner as the previous 
mass of eggs at first cleavage. 

In each case—first cleavage and early 
blastule—after settling in sea-water, the lat- 
ter was drawn off, using a centrifuge to con- 
centrate the eggs as much as possible. It may 
be added here that previous trials had shown 
the practical impossibility of separating whole 
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or cytolyzed eggs from the surrounding 
medium by filtration. Even if by special meth- 
ods clear filtrates were obtained, the process 
of filtration was so prolonged that the mate- 
rial decomposed though thymol was added as a 
preservative. Resort was had, therefore, to a 
small hand centrifuge, which proved very 
satisfactory in separating the solid materials 
from the various liquids. Remarkably clear 
liquids were obtained in a very short time. 
During the time that undesirable chemical 
changes might take place the materials were 
kept on ice. 

The eggs, freed now from sea-water as far 
as possible, were cytolyzed with successive 
small portions of distilled water (25-50 c.c.) 
until the combined filtrates in each case 
equaled 700 c.c. By this time the pigment 
was practically entirely removed and it was 
assumed that all water-soluble material had 
been taken out. The residual material was 
then extracted with successive 25 c.c. portions 
of boiling neutral ethyl aleohol (95 per cent. 
redistilled over NaOH) until the volume, in- 
cluding two final extractions with boiling ab- 
solute alcohol, equalled in each case 400 c.c. 

Each of the residues after alcoholic extrac- 
tion was dried at 60° C. and then digested for 
four days with 150 c.c. of pepsin-hydrochloric 
(2 grams of pepsin in 1,000 c.c. of .4 per cent. 
HCl). The peptic digests were then filtered 
and washed with cold water. 

Phosphorus determinations were now made 
on (a) water-soluble material; (b) alcohol-sol- 
uble material; (c) the filtrates and (d) the 
residues from peptic digestion. Controls 
were also run on the pepsin solution and on the 
sperm used in each experiment. The material 
in each case was digested with 10 c.c. of con- 
centrated sulphuric acid. The digestion was 
finished by the addition of a few drops of 
fuming nitric acid. The phosphorus was first 
precipitated by molybdic acid and weighed 
finally as magnesium pyrophosphate.’ The 
data obtained are tabulated below. The fig- 
ures represent milligrams of magnesium pyro- 
phosphate. 


5<<Methods of Analysis,’’ Bureau of Chemistry 
Bulletin 107 (revised), p. 2. 1907. 
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Experiment I. Experiment II. 
Material Analyzed 
2-4 Cells | Blastule | 2-4 Cells | Blastule 
Water-soluble....| 107.5 | 106.4 66.6 65.4 
Aleohol-soluble..., 18.1 18.6 11.9 12.3 
Peptic filtrate...°.| 17.6 20.5 14.8 16.7 
Peptic residue.... 9.3 10.0 8.7 7.4 


The results on the filtrates from peptic di- 
gestion are corrected in each case for the 
weight of magnesium pyrophosphate (9.0 mg.) 
in the pepsin solution used. In neither experi- 
ment was there any considerable phosphorus 
in the sperm used; and it was furthermore as- 
sumed that the larger part of the latter re- 
mained in the supernatant sea-water after the 
eggs had settled. It was practically impossible, 
however, to run control determinations on the 
supernatant sea-water because the large 
amount of salts in each case—over 30 grams 
—made it exceedingly difficult to carry out 
the preliminary digestion with sulphuric acid. 

It will be seen that the relative phosphorus 
partition runs parallel in the two experiments; 
that there is not a significant difference in 
aleohol-soluble (lecithin?) phosphorus or 
phosphorus in the peptic residues (nuclein?) 
between the 2-4 cell stage and that of the 
early blastula. It seems justifiable, therefore, 
to conclude that under the present experi- 
mental conditions there is during early cleav- 
age of the echinoderm egg no evidence of a 
chemical synthesis of nuclear material from 
alcohol-soluble substances in the cytoplasm. 

These results, it is emphasized, are referable 
only to segmentations in an holoblastic egg 
prior to the possible ingestion of nuclein-con- 
taining food material from the sea-water. As 
to just what substances aid in the undoubted 
increase of total mass of morphologic nuclear 
substance—not to be confused with the spe- 
cific substance, nuclein, which, as has just 
been shown, does not increase—as cleavage 
proceeds, there may here be mentioned only 
the possibility that the phenomena of stream- 
ing cause a morphologic or mechanical aggre- 
gate of chromatin-like material originally in 
the cytoplasm with nuclear chromatin during 
or following mitosis. A number of investiga- 
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tions on the distributed nucleus, quoted by 
Professor E. B. Wilson,* form an interesting 
commentary on the possibility just men- 
tioned: “ Balbiani, Gruber, Maupas and others 
have described various Infusoria (Urostyla, 
Trachelocerca, Holosticha, Uroleptus), as well 
as some rhizopods (Pelomyza), in which the 
body contains very numerous minute chroma- 
tin granules of ‘ nuclei,’ which Gruber showed 
to multiply by division. Balbiani long since 
showed that in Urostyla these bodies become 
concentrated toward the center of the cell at 
the time of division and Bergh demonstrated 
that they then fuse to form a macro-nucleus 
of the usual type that elongates, assumes a 
fibrillar structure and divides by fission. 
After division of the cell-body the macro- 
nucleus again fragments into minute, scat- 
tered granules, which in this case certainly 
represent a distributed nucleus. In_ the 
flagellate T'etramitus Calkins likewise finds 
numerous scattered chromatin granules, which 
at the time of division become aggregated 
into a single dividing mass; while in other 
forms the mass (nucleus) persists as such 
without (Trachelomonas, Lagenella, Chilo- 
menas) or with (Euglena, Synura) a sur- 
rounding membrane.” 

Of significance also in this connection is 
Tennent’s’ observation that in eggs of 
Arbacia fertilized with Moira sperm when 
“the daughter nuclei are in the resting con- 
dition succeeding the first division, the cyto- 
plasm contains many deeply staining rods. 
The nucleus at this time does not take the 
chromatin stain and appears like an empty 
vesicular structure. In eggs, of the same lot 
and on the same slides, in which the fibers of 
the second amphiaster have begun to form, 
the nucleus again takes the stain and shows 
the chromatic net, while the cytoplasm is seen 
to be free from the bodies described.” 

It seems possible to attack this problem of 
nuclein synthesis from another angle, namely, 
by comparing the ratio of purin nitrogen to 


* Wilson, ‘‘The Cell in Development and In- 
heritance,’’ p. 40. New York, 1902. 

*Tennent, Biological Bulletin, Vol. 15, p. 127. 
1908. 
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total nitrogen in eggs after first cleavage with 
that at the early blastula stage. Considerable 
material has been collected for further work 
along this line. L. F. SHACKELL 
Beaurort, N. C., 
September 9, 1911 


OBSERVATIONS ON THE INHERITANCE OF CHAR- 
ACTERS IN ZEA MAYS LINN." 


In “Red Cuzco” and some other breeds 
of red maize, the red coloring matter is con- 
fined to the pericarp; being therefore a fruit 
character and not a seed character, it does 
not appear in the ear immediately resulting 
from a direct cross between a white female 
and a red male. 

In a red dent breed under investigation, 
the red pigment occurs in the aleurone layer, 
and not in the pericarp. Being a seed-char- 
acter, it is transmitted directly by the pollen 
grain to the ovule of a white breed. It be- 
haves as a dominant to whiteness; where it 
meets yellowness in the same grain, it is more 
conspicuous than yellow. The writer has not 
met with a previous record of the occurrence 
of a red pigment of this character in the 
aleurone layer of the maize grain. 

When this red dent is crossed with a white 
sugar breed the segregation, in the second gen- 
eration, of the two pairs of characters redness 
vs. whiteness and starchiness vs. sugariness, 
is in approximately the following propor- 
tions: 


mes | 18.75 — 
18.75 


In other words: 
Red Grains 


Starchy grains ....... 75% of 75% = 56.25¢ 
Sugary grains ........ 25% of 75% = 18.75 
75.00% 

F White Grains 
Starchy grains ....... 75% of 25% 18.75¢ 
Sugary grains ........ 25% of 25¢—= 6.25¢ 
25.008 


* Fuller details will shortly appear in the Trans- 
actions of the Royal Society of South Africa. 
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A single grain has been found on the ear 
studied, which distinctly shows the starchy 
character in one half and the sugar character 
in the other, a very unusual feature. 

A study of row-numbers in maize-ears 
indicates that within certain limits the num- 
ber of rows of grain on an ear is subject to 
fluctuating variation, which may perhaps be 
affected by season or food supply, or both. 
In more than thirty plants of Arcadia sugar- 
maize studied this year, each of which pro- 
duced two ears on one stalk, the uppermost 
ear has had a different number of rows from 
that of the lower ear. On thirteen plants the 
largest number of rows occurred on the lower 
ear, while on eight plants the largest number 
was on the upper ear. In twelve plants of 
two ears the row-numbers were the same on 
both; in one ease there were four more rows 
on one ear than on the other. Several plants 
of Hickory King, bearing two ears, have also 
produced different numbers of rows on the 
two ears. 

The range of variation appears to be lim- 
ited, however. A normally 8-rowed type 
ranges between 4 and 14 rows, while a nor- 
mally 18-rowed type ranges between 12 and 
24 rows. 

The result of crossing an 8-row with an 
18-row type of maize is to produce an inter- 
mediate type in the first generation, both 8- 
row and 18-row types practically disappear in 
the heterozygous form. The intermediate 
type bears mostly 10, 12 or 14 rows, the 12- 
row type greatly predominating. The ex- 
periment will be continued next year, to de- 
termine the proportion of the 8-row and 18- 
row types which reappear. The ears pro- 
duced by the cross and the reciprocal cross 
are indistinguishable. 

A white-cobbed breed crossed with a red- 
cobbed produces a red cob in the first filial 
generation, and so does the reciprocal cross. 


J. Burtt Davy 
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